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Influence of harvesting strategy on 
nutrient supply and production of dairy 
cows consuming diets based on  
grass and red clover silage
Abstract
T
he main objective of this thesis was 
to elucidate the effects of regrowth 
grass silage and red clover silage 
on nutrient supply and milk production 
of dairy cows as compared with primary 
growth grass silages.
In the first experiment (publication I), 
two primary growth and four regrowth 
grass silages were harvested at two stag-
es of growth. These six silages were fed 
to 24 lactating dairy cows with two lev-
els of concentrate allowance. Silage intake 
and energy corrected milk yield (ECM) 
responses, and the range in these response 
variables between the diets, were smaller 
when regrowth silages rather than prima-
ry growth silages were fed. Milk produc-
tion of dairy cows reflected the intake of 
metabolizable energy (ME), and no differ-
ences in the ME utilization were found be-
tween the diets based on silages harvested 
from primary growth and regrowth. The 
ECM response to increased concentrate al-
lowance was, on average, greater when re-
growth rather than primary growth silag-
es were fed. 
In the second experiment (publication II), 
two silages from primary growth and two 
from regrowth used in I were fed to rumen 
cannulated lactating dairy cows. Cows 
consumed less feed dry matter (DM), en-
ergy and protein, and produced less milk, 
when fed diets based on regrowth silages 
rather than primary growth silages. Low-
er milk production responses of regrowth 
grass silage diets were mainly due to the 
lower silage DM intake, and could not be 
accounted for by differences in energy or 
protein utilization. Regrowth grass silage 
intake was not limited due to neutral de-
tergent fibre (NDF) digestion or rumen 
fill or passage kinetics. However, lower in-
take may be at least partly attributable to 
plant diseases such as leaf spot infections, 
dead deteriorating material or abundance 
of weeds, which are all higher in regrowth 
compared with primary growth, and in-
crease with advancing regrowth.
In the third experiment (publications III 
and IV), red clover silages and grass silag-
es harvested at two stages of growth, and 
a mixed diet of red clover and grass silag-
es, were fed to five rumen cannulated lac-
tating dairy cows. In spite of the lower av-
erage ME intake for red clover diets, the 
ECM production remained unchanged 
suggesting  more  efficient  utilisation  of 
ME for red clover diets compared with 
grass diets. 
Intake of N, and omasal canal flows of 
total non-ammonia N (NAN), microbial 
and non-microbial NAN were higher for 
red clover than for grass silage diets, but 
were not affected by forage maturity. De-
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laying the harvest tended to decrease DM 
intake of grass silage and increase that of 
red clover silage. The digestion rate of po-
tentially digestible NDF was faster for red 
clover diets than for grass silage diets. De-
laying the harvest decreased the digestion 
rate for grass but increased it for red clo-
ver silage diets. 
The low intake of early-cut red clover silage 
could not be explained by silage digestibil-
ity, fermentation quality, or rumen fill but 
was most likely related to the nutritional-
ly suboptimal diet composition because 
inclusion of moderate quality grass silage 
in mixed diet increased silage DM intake. 
Despite the higher total amino acid supply 
of cows fed red clover versus grass silage di-
ets, further milk production responses on 
red clover diets were possibly compromised 
by an inadequate supply of methionine as 
evidenced by lower methionine concentra-
tion in the amino acid profile of omasal di-
gesta and plasma. 
Increasing the maturity of ensiled red clo-
ver does not seem to affect silage DM in-
take as consistently as that of grasses. The 
efficiency of N utilization for milk pro-
tein synthesis was lower for red clover di-
ets than for grass diets. It was negatively 
related to diet crude protein concentration 
similarly to grass silage diets.
Keywords:  
grass silage, red clover silage, maturity, 
regrowth, milk production response, fi-
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Timotei-nurminata- ja puna-
apilasäilörehujen korjuustrategian 
vaikutus lypsylehmien ravintoaineiden 
saantiin ja maidontuotantoon
Kaisa Kuoppala
MTT Kotieläintuotannon tutkimus, 31600 Jokioinen  
kaisa.kuoppala@mtt.fi
Tiivistelmä
T
ämän  väitöskirjatyön  tarkoituk-
sena oli selvittää eri kasvuasteil-
la korjattujen toisen sadon timo-
tei-nurminatasäilörehun  ja  ensisadon 
puna-apilasäilörehun  vaikutusta  lypsy-
lehmien rehujen syöntiin, ravintoainei-
den saantiin ja maidontuotantoon. Ver-
tailuruokinnoilla  käytettiin  ensisadon 
timotei-nurminatasäilörehuja.
Työhön sisältyi kolme koetta, joissa teh-
tiin yhteensä neljä ensisadon ja neljä jälki-
sadon timotei-nurminatasäilörehua ja kak-
si ensisadon puna-apilasäilörehua kussakin 
yhteydessä kahdella kasvuasteella. Säilöre-
huja tutkittiin maidontuotantokokeessa ja 
kahdessa ravitsemusfysiologisessa kokeessa. 
Jälkisadon rehujen syönti ja lehmien mai-
totuotos sekä vasteiden vaihteluväli olivat 
pienemmät kuin ensikasvusta korjattujen 
rehujen. Maitotuotos heijasteli muuntokel-
poisen energian (ME) saantia eikä energi-
an tai valkuaisen hyväksikäytössä havaittu 
eroja eri satojen välillä. 
Jälkisadon rehujen syöntiä ei rajoittanut   
kuidun sulatus, pötsin täyteisyys tai vir-
tauskinetiikka. Pienempään syöntiin saat-
toi ainakin osittain olla syynä jälkisadossa 
runsaampana esiintyneet kasvitaudit, kuol-
leen kasvimassan osuus sekä rikkakasvit.
Kahdella eri kasvuasteella korjattuja pu-
na-apilasäilörehuja verrattiin vastaaviin ti-
motei-nurminatasäilörehuihin sekä näiden 
seokseen. Ravitsemusfysiologinen koe teh-
tiin viidellä lypsylehmällä. Huolimatta pie-
nemmästä syönnistä ja ME-saannista mai-
totuotos oli puna-apilaruokinnoilla samalla 
tasolla kuin timotei-nurminataruokinnoil-
la. Tämä viittaa parempaan ME:n hyväk-
sikäyttöön puna-apilasäilörehuja syöneillä 
lehmillä. Korjuuajankohdan myöhästyt-
täminen vähensi timoteinurminatasäilö-
rehujen syöntiä, mutta näytti lisäävän sitä 
puna-apilaruokinnoilla. 
Aikaisin korjatun puna-apilasäilörehun yl-
lättävän pientä syöntiä ei selittänyt säilö-
rehun sulavuus, käymislaatu, eikä pötsin 
täyteisyys, vaan se oli todennäköisimmin 
yhteydessä rehuannoksen ravintoaineiden 
epätasapainoon. Tähän viittaa se, että kun 
hyvin sulavaa, aikaisin korjattua puna-api-
lasäilörehua ja huonommin sulavaa, myö-
hään korjattua timotei-nurminatasäilöre-
hua sekoitettiin, syönti lisääntyi selvästi. 
Vaikka puna-apilaruokinnoilla aminohap-
pojen saanti oli runsaampaa kuin timo-
tei-nurminataruokinnoilla,  runsaampaa 
tuotosvastetta saattoi rajoittaa metioniini-
aminohapon puute. Tähän viittaa metionii-
nin pienempi pitoisuus satakerran ruokasu-
lassa ja plasmassa puna-apilaruokinnoilla. 
Typen saanti ja virtaus pötsistä satakertaan 
olivat suurempia puna-apilaruokinnoilla 
verrattuna  timotei-nurminataruokintoi-6  MTT SCIENCE 11
hin. Typen hyväksikäyttö oli puna-apila-
ruokinnoilla heikompi kuin timotei-nur-
minataruokinnoilla, mutta se oli samalla 
tavalla kiinteästi yhteydessä rehuannok-
sen valkuaispitoisuuteen. 
Tämän tutkimuksen tulosten perusteel-
la voidaan suositella puna-apilan käytön 
lisäämistä säilörehun raaka-aineena. Toi-
sen sadon timotei-nurminatasäilörehujen 
ominaisuudet olisi hyvä ottaa huomioon, 
kun säilörehueriä kohdennetaan eri eläin-
ryhmien ruokintaan. 
Avainsanat:  
timotei, nurminata, puna-apila, säilö-
rehu, kasvuaste, toinen sato, maidon 
tuotanto, kuitukinetiikka  MTT SCIENCE 11   7
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1  Introduction
A 
significant proportion of the in-
come in agriculture originates from 
milk and meat production based on 
ruminant animals. In Finland it was 48% 
of total agricultural income in 2008 (Sta-
tistics Finland 2010). Grassland products 
(silage, hay, pasture) constituted 54% of 
the feed energy units consumed by dairy 
cows in Finland in 2009 (ProAgria 2010). 
Therefore, the information about nutri-
tive value and quality of forage is essential. 
Boreal climatic conditions are character-
ised by a short growing period, which pre-
vents continuous regrowth of leys. Also 
the seasonal variation is large. In Finland, 
the growing season is very short, even in 
Southern parts of the country, and devel-
opment and growth of plants is fast, lead-
ing to considerable changes in morpho-
logical and chemical composition, and 
digestibility of herbage. At the same time, 
with increasing yield of feed dry matter 
(DM), the digestibility decreases. The ef-
fect of the timing of first harvest in early 
summer on the digestibility and intake of 
feeds, and subsequently the nutrient supply 
and milk production, is well document-
ed (Rinne 2000). However, the produc-
tion responses to varying quality of re-
growth silages have not been investigated 
widely. In the future, climate change will 
lengthen the thermal growing season (Pel-
tonen-Sainio et al. 2009). This will en-
hance the importance of regrowth harvest, 
which may increase and be challenged by 
increased occurrence of plant diseases and 
pests.
The proportion of regrowth in the total 
production of herbages for silage cannot 
be separated from crop production statis-
tics, but one approach to estimate the us-
age of it is from number of silage samples 
from Finnish farms analyzed during the 
recent indoor feeding period (Nousiainen, 
J., Valio Ltd, personal communication). 
The number of samples from regrowth (cut 
2 or cut 3) silages was approximately 43% 
of the total farm samples analyzed. Assum-
ing that the number of samples taken from 
all cuts is relative to production of differ-
ent silages, the amount of silage produced 
from regrowths could be calculated to be 
approximately 3400 million kg per year 
(Tike 2010). 
Milk production has been lower when re-
growth grass silages rather than prima-
ry growth grass silages were fed (Castle 
and Watson, 1970; Peoples and Gordon, 
1989; Heikkilä et al. 1998; Khalili et al. 
2005). Intake of regrowth silages was of-
ten lower in these studies. However, in 
many experiments, comparing primary 
growth with subsequent regrowths (sec-
ond or third cut), only one silage per cut 
was used, leading to possible interactions 
between the harvest and digestibility, DM 
and neutral detergent fibre (NDF) concen-
trations, or fermentation quality of the si-
lages. Because of these confounding fac-
tors, the reasons for the lower milk yield 
and intake potential of silages harvest-
ed from regrowth versus primary growth 
grass have remained unclear.  
The Finnish studies concerning harvest-
ing time of forages have been conducted 
with grasses, mainly timothy and mead-
ow fescue. Red clover, the most important 
forage legume in Finland, has been stud-
ied considerably less. It differs from grass 
species, like other legumes, both in terms 
of chemical composition, and feeding val-
ue characteristics (Van Soest, 1994). Red 
clover plays an increasingly significant role 
in future silage production owing to its 
N2 fixing ability. Utilization of this atmo-
spheric N in terms of silage production 
has become attractive, not only for organ-
ic farmers, but also for conventional farm-
ers, since intensive grassland production 
is largely dependent on fossil fuel based 12  MTT SCIENCE 11
N fertilizers, the costs of which have been 
high. According to an economic study of 
Doyle and Topp (2004), red clover can 
produce higher profits per hectare, com-
pared with grass-based systems using high 
levels of N fertilizer. 
Red clover is usually grown as a mixture 
with grass species with variable propor-
tions of red clover. The proportion of red 
clover in mixed swards used in practical 
farming is difficult to measure, and is not 
reported in the statistics of arable land us-
age (Tike 2010). According to a survey 
including 355 farms, 35% of farmers de-
clared that they use, or had used red clover, 
mainly for silage (Pursiainen et al. 2007). 
One way to estimate the proportion of red 
clover in mixed silages is to use concentra-
tion of Ca, since this is higher for red clo-
ver than for grasses (Rinne et al. 2010). Ac-
cording to the concentration of Ca in farm 
silage samples (Artturi 2010), the propor-
tion of red clover containing silages sam-
ples was 18%. A much lower value of 7.5% 
was obtained from the number of farm si-
lage samples from the recent indoor feed-
ing period. 
Most of the earlier research conducted in 
Finland has been made using mixed grass 
red clover swards, where the proportion of 
red clover has changed from 30 to 75 per-
cent (Heikkilä et al. 1992, 1996). Com-
parisons between plant species are com-
plicated because the feeding value of silage 
is also affected by maturity of the plants, 
preservation of silage and number of cut, 
which all cause variability between experi-
ments. Further, effects of stage of maturity 
on red clover feeding value, intake or pro-
duction responses have been studied much 
less than those of grass species. Thus, it is 
important to study the mechanisms of ef-
fect of red clover cultivated as a monocul-
ture, although red clover is seldom fed as 
sole forage for dairy cows.  
Objectives
The objective of this thesis was to elucidate 
the effects of regrowth grass silage and red 
clover silage on nutrient supply of lactating 
dairy cows in milk production and physi-
ological experiments. Diets based on grass 
silage from primary growth were used as 
controls. The experiments conducted were 
designed to answer following questions: 
- Does the same digestibility in primary 
growth and in regrowth of grass silage af-
fect the intake and production potential of 
cows in the same way?
- Does the change in digestibility of grass 
silage affect intake and production re-
sponses of cows similarly in regrowth and 
primary growth?
- Does the change in digestibility of silages 
affect intake and production of cows sim-
ilarly in red clover silage compared with 
grass silage?
- What reasons may be found for inferior 
intake of regrowth grass silage or for su-
perior intake of red clover containing si-
lage, compared with primary growth grass 
silage?
- Is the response of cows to concentrate in-
clusion independent of harvesting time or 
maturity of ensiled grass?   MTT SCIENCE 11   13
2  Material and methods
T
he work documented in the publi-
cations I–IV was conducted as three 
experiments (Table 1). The exper-
imental procedures used are described in 
detail within individual papers (I–IV) and 
only a brief summary is presented here. A 
mixed ley of timothy (Phleum pratense) and 
meadow fescue (Festuca pratensis) was har-
vested in Jokioinen, Finland (61 °N) at two 
stages of growth (early and late) in prima-
ry growth (cut 1) (Figure 1). These two ar-
eas were harvested at two stages of growth 
(early and late) during the regrowth (cut 2). 
These six silages were used in experiment 1 
and four of them (two from primary growth 
and two from regrowth) were used in exper-
iment 2. In experiment 3, silages were pre-
pared from primary growth of mixed tim-
othy meadow fescue, and pure red clover 
(Trifolium pratense var Jokioinen) stands and 
harvested at an early and a late stage of ma-
turity. The swards were wilted slightly and 
preserved in bunker silos of 70 or 40 t capac-
ity (grass silages from experiments 1, 2 and 
3) and in clamps (red clover silages from ex-
periment 3) with a formic-acid based addi-
tive applied at a rate of 5 to 5.4 or 6 l/t for 
grass and red clover, respectively.
Experiment 1 (I) was a milk production tri-
al with 24 intact lactating Finnish Ayrshire 
cows. The experiment was conducted ac-
cording to a cyclic change-over design and 
the dietary treatments were in a 6 × 2 facto-
rial arrangement consisting of the six experi-
mental silages (two primary growth and four 
regrowth silages) and two concentrate levels 
(8 and 12 kg/d) resulting in 8 observations 
per each diet. Experiment 2 (II) was a phys-
iological trial where four silages of the six 
used in experiment 1 were fed to four cows 
fitted with rumen cannulae, with 8 kg/d 
concentrate. The study was designed as a 4 
× 4 Latin Square. In experiment 3 (III, IV), 
red clover and grass silages, and a mixture of 
red clover and grass silages, were fed with 9 
kg/d concentrates to five rumen cannulated 
cows. The study was designed as a 5 × 5 Lat-
in Square. Experimental periods in each ex-
periment lasted 21 days. The cows averaged 
73 days in milk (SD 21.6), 620 kg liveweight 
(SD 66) and 32 kg (SD 3.50) milk yield in 
the beginning of the experiments.
Feed intake and milk yield were measured 
daily and recorded during the seven (I) or 
five (II, III, IV) last days of each period. Ap-
parent in vivo digestibility of organic matter 
(OMD) of silages was measured with sheep 
by total faecal collection, and used to calcu-
late the D-value of the silages (concentration 
of digestible OM, g/kg DM) and the con-
centration of metabolizable energy (ME). 
Apparent whole tract digestibility of the di-
ets was determined in experiment 1 with 12 
cows of high yielding block by using acid 
insoluble ash (AIA) as an internal marker, 
while in experiments 2 and 3 total collec-
tion of faeces was used. 
Digesta flow entering the omasal canal was 
determined based on the composition of 
pooled spot samples, obtained by using the 
omasal sampling technique of Huhtanen 
et al. (1997) modified by Ahvenjärvi et al. 
(2000). Indigestible neutral detergent fibre 
(iNDF) and Yb-acetate were used as mark-
ers for the large particles and small particles, 
respectively, and LiCoEDTA (II) or Cr-ED-
TA (III, IV) was used as the liquid phase 
marker, in combination with the reconstitu-
tion technique (France and Siddons, 1986). 
Rumen fill and kinetic parameters were de-
termined with the rumen evacuation tech-
nique. Blood samples were taken in Exp. 
3 from one coccygeal vessel considered to 
present arterial blood and one superficial 
epigastric vein considered to present venous 
blood.14  MTT SCIENCE 11
Table 1. Description of the experiments.
Art. Exp Animals Design Silages, cuts and growth stages Measurements
I 1 24 intact 
dairy cows
6 × 2 factorial, 
cyclic change-
over design
timothy-meadow fescue 
- 2 silages from cut 1: early 
and late
- 4 silages from cut 2: early 
and late from regrowths of 
early and late cut 1
- 2 concentrate levels, 8 and 
12 kg/d
Intake
Milk yield 
Milk composition
Diet digestibility
II 2 4 rumen 
fistulated 
dairy cows
4 × 4 Latin 
Square
timothy-meadow fescue 
- 2 silages from cut 1: early 
and late
- 2 silages from cut 2: early 
and late
Intake
Rumen contents
Milk yield and composition
Nutrient flow to omasal canal
Rumen and total digestibility
NDF kinetics
III  
IV
3 5 rumen 
fistulated 
dairy cows
5 × 5 Latin 
Square
- 2 timothy-meadow fescue 
silages in cut 1: early and late
- 2 red clover silages from cut 
1: early and late  
- mixed late grass and early 
red clover silage
Intake
Milk yield and composition
Rumen contents
Nutrient flow to omasal canal
Rumen and total digestibility
NDF kinetics
Figure 1. Schematic presentation of the harvesting strategies of grass silages in primary 
growth and in regrowth used in studies I and II and of grass (G) and red clover (RC) silag-
es used in studies III and IV, harvested at early (E) or late (L) stages of growth in primary 
growth or at early (EE, LE) or late (EL, LL) stages of growth in regrowth. Growing days from 
cut 1 of each regrowth silage are shown in parenthesis. 
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3  Results and general discussion
3.1  Chemical composition 
and digestibility of forage 
3.1.1  Red clover vs grasses 
Legumes differ from grass species both in 
terms of chemical composition and feed-
ing value characteristics (Van Soest 1994). 
In this work (III, IV), red clover contained 
more protein, ash and lignin and less NDF 
than grasses. This was in accordance with 
the average values collected from litera-
ture (Table 2). The collected data was pri-
marily from experiments where red clover 
or regrowth grass was studied in the same 
experiment as grass from primary growth, 
which was used as a control.  
The maturity effects of primary growth 
grass  silages  have  been  studied  earlier 
(Rinne 2000), while the focus in this the-
sis is in regrowth grass and red clover. The 
higher ash content in red clover leads to a 
lower D-value compared with grasses at 
the same OMD. However, comparisons 
of forage digestibility are conducted in this 
thesis on the D-value basis, because ash 
contributes no energy to the animal. 
Based on Table 2, the average concentra-
tion of neutral detergent fibre (NDF) was 
lower in red clover compared with grass, 
whereas the concentration of iNDF was 
higher, leading to a lower concentration 
of potentially digestible NDF (pdNDF) in 
red clover compared with grass. The mean 
iNDF concentration was 125 and 97 g/kg 
DM for red clover and grass, respective-
ly. This is in accordance with recent data 
analyses, where the mean iNDF value of 
legume silages was 132 g/kg DM (Rinne 
et al. 2006b, data included red clover, lu-
cerne and galega) and of grass silages 87 g/
kg DM (Nousiainen et al. 2004). 
The characteristics of NDF can be de-
scribed by the ratio of iNDF to NDF. In 
IV, the ratio was 0.243 and 0.131 for red 
clover and grass silages, respectively, and in 
Table 2, the mean ratio was 0.350 for red 
clover and 0.180 for grasses. Higher ratios 
have been observed in legumes in many 
studies (Van Soest 1994, Huhtanen et al. 
2006b), indicating different characteris-
tics of cell wall in legumes compared with 
grasses. In legumes, the high lignin con-
tent is located entirely in the xylem where 
the concentration is such that the walls 
are completely indigestible, while other 
tissues are almost completely digestible 
(Wilson and Kennedy 1996). The lignin 
content of grasses is lower but it is distrib-
uted throughout all tissues except phlo-
em, and the smaller concentration of in-
digestible material can therefore protect a 
larger amount of cell wall from digestion 
in grasses compared with legumes. It has 
been suggested that lignin and iNDF con-
centrations are linearly correlated (Smith 
et al. 1972, Van Soest et al. 2005), but it 
seems that lignin concentration cannot be 
applied universally to estimation of iNDF 
concentration or potential NDF digestibil-
ity (Huhtanen et al. 2006b).
The in-silo fermentation during silage pres-
ervation modifies the carbohydrate and 
nitrogenous fractions and both this and 
supplementary feeding affect how the si-
lage intake potential is achieved in prac-
tical feeding situations (Huhtanen et al. 
2007). The successful fermentation in silo 
depends on the characteristics of plant, 
preservation technique and weather con-
ditions. Preservation of red clover and oth-
er legumes is more challenging compared 
with grasses because of the higher buffer-
ing capacity and lower concentration of 
water soluble carbohydrates (WSC) and 
DM (McDonald et al. 1991). 16  MTT SCIENCE 11
Table 2. Average chemical composition, digestibility and fermentation characteristics 
of grass and red clover herbage or silage in primary growth and regrowth (g/kg DM).
Grass Red clover
Primary growth Regrowth Primary growth Regrowth
n mean SD n mean SD n mean SD n mean SD
DM, g/kg 35 288 90.8 37 283 92.9 15 253 77.8 17 281 67.7
Ash 44 78 17.3 41 93 12.4 21 96 9.9 17 100 12.6
CP 44 139 37.9 40 148 32.8 21 193 31.7 17 203 25.3
NDF 42 543 73.5 37 520 53.0 21 382 76.0 17 343 39.7
iNDF 19 82 37.8 17 84 34.2 8 129 51.2 9 116 38.9
iNDFlig
1 10 114 60.0 12 147 83.3 2 152 77.7 3 191 44.3
iNDFomd
2 12 88 28.7 12 79 29.8 6 99 40.4 4 114 6.3
iNDFall
3 41 92 43.0 41 101 59.3 16 120 51.8 16 130 44.7
iNDF/NDF 33 0.167 0.0680 36 0.193 0.0998 13 0.314 0.1500 14 0.386 0.1271
pdNDF 33 454 46.2 36 418 41.1 13 260 66.7 14 207 43.8
Lignin 19 34 18.2 17 43 22.4 9 41 20.4 7 51 26.4
D-value 37 672 41.3 37 655 46.0 15 637 45.0 15 630 31.5
OMD 38 731 53.5 38 725 58.0 15 703 50.4 15 699 36.1
pH 29 4.18 0.319 25 4.23 0.388 13 4.15 0.209 13 4.50 0.345
WSC 27 64.4 43.39 27 68.5 52.03 11 41.2 34.60 13 40.2 34.22
Lactate 29 48.1 21.50  25 52.3 28.68 13 56.0 27.04  13 57.4 28.29 
Acetate 28 16.8 9.26  25 15.9 5.08  13 17.1 6.06  13 21.3 10.05 
Propionate 18 1.13 3.397 16 0.59 1.155 9 0.20 0.252 6 0.24 0.262
Butyrate 29 0.61 0.558 18 0.58 0.763 13 0.53 0.792 11 0.37 0.605
Total acids 29 65.7 30.35 25 69.0 31.26 13 73.8 32.53 13 79.2 37.05
NH3-N4 28 54.4 20.54 28 75.3 61.19 13 54.9 24.44 12 61.6 25.09
Soluble N4 22 597 90.3 16 519 81.6 6 342 81.9 3 419 61.1
n = number of observations, SD = standard deviation, DM = dry matter, CP = crude protein, NDF = neutral detergent 
fibre, iNDF = indigestible NDF, pdNDF = potentially digestible NDF, OMD = digestibility of organic matter, WSC = 
water soluble carbohydrates. 1Concentration of iNDF was calculated with forage type specific lignin equations (Huhtanen 
et al. 2006b) when in situ estimates were not available. 2Concentration of iNDF was calculated from OMD (Huhtanen 
et al. 2006b). 3All iNDF determinations. 4Expressed as g/kg total N. Data obtained from I, II, III, IV, Castle and Watson 
1970, Gordon 1980, Åman and Lindgren 1983, Thomas et al. 1985, Peoples and Gordon 1989, Bosch and Bruining 1995, 
Huhtanen and Heikkilä 1996, Heikkilä et al. 1998, Jaakkola et al. 1999, Keady et al. 1999, Broderick et al. 2000, Fraser at 
al. 2000, Heikkilä et al. 2000, Khalili and Huhtanen 2000, Rinne and Nykänen 2000, Tuori et al. 2000, Ferris et al. 2001, 
Huhtanen et al. 2001, Heikkilä 2002a,b, Rinne et al. 2002, Tuori et al. 2002, Bertilson and Murphy 2003, Korhonen 2003, 
Khalili et al. 2005, Huhtanen et al. 2006b, Jaakkola et al. 2006, Rinne et al. 2006a, Ahvenjärvi et al. 2006, Broderick et al. 
2007, Dohme et al. 2007, Hetta et al. 2007, Owens et al. 2008b, Pursiainen et al. 2008a, Pursiainen et al. 2008b, Vanhatalo 
et al. 2008, Moharrery et al. 2009, Kuoppala et al. 2010.
The lower sugar content of legumes (Ta-
ble 2) was in accordance with McDonald 
et al. (1991). The average concentrations 
were 41 vs 66 g/kg DM for red clover and 
grass silages, respectively. The concentra-
tion of total fermentation acids was high-
er for red clover than for grasses. Red clo-
ver N was less degraded than grass N, as 
indicated by lower soluble N proportion in 
total N. Reduced degradation of N is at-  MTT SCIENCE 11   17
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Figure 2. Proportion of leaves of timothy and meadow fescue in primary growth and re-
growth (I) and of mixed grass (timothy and meadow fescue) and red clover in prima-
ry growth (IV) (a) and proportion of timothy, meadow fescue, other plant species and 
dead tissue in herbage (I)(b). 
tributed to the endogenous presence and 
activity of polyphenol oxidase (PPO) in 
red clover inhibiting the proteolysis in the 
silo (Jones et al. 1995, Sullivan and Hat-
field 2006). According to the fermentation 
characteristics the in-silo fermentation was 
somewhat more extensive for red clover si-
lages than grass silages, but there were no 
indications of poor preservation.
3.1.2 Primary growth vs regrowth 
During the growing period usually two or 
more cuts are harvested from the swards. 
In the current work, the first growth in 
spring is called the primary growth or first 
cut (cut 1). In southern Finland, the first 
cut is typically harvested in early to mid 
June for grass species, and somewhat later 
for red clover containing swards. After the 
first cut, the second cut (cut 2) is taken af-
ter circa 1 ½ months regrowth. 
Regrowths of grass and red clover differ 
from primary growth with respect to till-
er and chemical composition, digestibil-
ity and intake potential. Based on Table 
2, the regrowths of grass and red clover 
contained more ash, CP, iNDF and less 
NDF compared with the primary growth 
of these forages. These average values give 
only a general view of the differences be-
tween cuts, as the variation in chemical 
composition is large within, and between 
the cuts, mainly due to the differences in 
harvesting time and environmental factors. 
The range of variation has often been larg-
er in the first cut than in the second cut 
(Lindberg and Lindgren 1988, Huhtanen 
et al. 2006b, I).
The D-value was lower for regrowth grass 
compared with primary growth grass (Ta-
ble 2). The same was true for Finnish farm 
silages, the mean for primary growth silag-
es being 691 (n = 8310) and for regrowth 
674 (n = 5530) g/kg DM in 2009 (Nou-
siainen, J., Valio Ltd, Finland, personal 
communication). For red clover contain-
ing farm silages these mean D-values were 
673 (n = 573) and 662 (n = 457) g/kg DM, 
for cut 1 and cut 2, respectively. A high-
er iNDF concentration in regrowth with 
lower NDF concentration induced a high-
er ratio of iNDF to NDF for grass (0.167 
and 0.193 for cut 1 and cut 2, respectively; 
Table 2), indicating a less favourable com-
position of fibre in regrowth grass silages.     18  MTT SCIENCE 11
In regrowth, the proportion of leaves was 
higher than in primary growth (Figure 2a) 
in accordance with Fagerberg (1988) and 
Gustavsson and Martinsson (2004). Fager-
berg (1988) reported that the phasic devel-
opment in the regrowth period was differ-
ent, so that the changes were slower, and 
the leaf stages had more leaves before the 
elongation phase began. In study I, mead-
ow fescue was leafier in cut 2 than tim-
othy, as was also reported by Åman and 
Lindgren (1983). 
Higher proportions of other plant species 
(weeds) and dead tissues, and higher pro-
portions of meadow fescue than timothy 
were found in regrowth, compared with 
primary growth, in study I (Figure 2b). 
In vitro digestibility of dead grass mate-
rial has been reported to be very low and 
thus the high proportion of it may decrease 
the digestibility of whole herbage (Heik-
kilä et al. 2000, Pakarinen et al. 2008). 
Further, Heikkilä et al. (2000) analyzed 
the composition of brown dead leaves and 
found that concentrations of WSC, CP, 
potassium, and phosphorus were lower and 
that of ash, calcium and magnesium high-
er, compared with green leaves. Regrowth 
grass herbages also contain more wax-
es and cutins in cell soluble matter (Van 
Soest 1994), which have a low availability 
in animals and may cause the lower true 
digestibility of NDS for regrowth silages, 
compared with primary growth silages, 
as suggested by Huhtanen et al. (2006b).
For regrowth red clover, the mean values 
of ash, CP, iNDF and lignin were high-
er and concentration of NDF was lower, 
compared with primary growth (Table 2). 
The ratio of iNDF to NDF was higher in 
regrowth than in primary growth (0.386 
and 0.314 for cut 2 and cut 1, respective-
ly). Fagerberg (1988) reported that the re-
growth gave a less clear picture of the de-
velopment of red clover. Development was 
slower and the plants were in different de-
velopmental stages when the growth start-
ed after the first cut. Buds emerged from 
remaining stems and started flowering si-
multaneously as new stems developed. Ac-
cording to Frame et al. (1998) flowering in 
red clover does not appear to have a direct 
depressive effect on digestibility as it has 
in grasses. In mixed grass red clover sward 
the proportion of red clover has been re-
ported to increase from cut 1 to subse-
quent regrowth (Randby 1992, Heikkilä 
et al. 1992, Søegaard and Weisbjerg 2007, 
Steinhamn and Thuen 2008).  
3.1.3 Maturity in primary growth
With progressing plant growth, consider-
able changes occur. The effect of maturi-
ty has been investigated by delaying the 
harvest of forages, with the majority of re-
search in this area focused on spring pri-
mary growth of grass. Typical effects of 
delayed harvest in primary growth are an 
increase of NDF and iNDF concentra-
tions and a decrease of CP concentration 
and D-value (Rinne 2000, I, IV). Con-
centration of NDF is negatively correlat-
ed to OM digestibility, but NDF concen-
tration can not be used as a predictor of 
OMD because NDF is not a nutrition-
ally homogenic entity (Huhtanen et al. 
2006b). It consists of potentially digesti-
ble parts (pdNDF) and totally indigestible 
parts (iNDF) and therefore, digestibility of 
NDF is also highly variable. 
During the development of the plant, the 
ratio of stems to leaves increases, and the 
composition of stems changes, causing an 
increase of cell wall concentration at the 
expense of cell contents. The proportion 
of stem increases and the digestibility of 
stems decreases considerably, causing the 
major part of the decrease in whole plant 
digestibility (Brink and Fairbrother 1992, 
Kuoppala et al. 2010). Nordheim-Viken et 
al. (2009) reported that iNDF concentra-
tion of leaves did not change, whereas that 
of stems increased when timothy was har-
vested at three stages of growth. The iNDF 
concentration of the whole plant followed 
that of stems.    MTT SCIENCE 11   19
Morphological, anatomical and chemical 
changes and the intensity of change dif-
fer between plant species and the cut has 
considerable contribution to it. The mean 
daily change of D-value or chemical com-
position can be calculated from the results 
of the experiments with delayed harvest. 
These values tend to simplify the course of 
development, e.g. possible curvilinearity, 
but they are, however, a useful tool in de-
scribing and quantifying the phenomenon.
The average daily decrease of digestibili-
ty was collected from literature (Table 3). 
Digestibility was determined either in vivo 
or in vitro, for organic matter or dry mat-
ter. The mean daily change of digestibility 
was -5.3 (standard deviation (SD) ±1.6) g/d 
for grass silages and -3.7 (SD ±1.1) g/d for 
red clover in primary growth. The higher 
daily decline observed in IV for red clo-
ver, compared with grass, may stem from 
curvilinear development of the D-value 
found in the samples taken weekly from 
the same field during the growth of herb-
ages used for these silages (Kuoppala et al. 
2010). For these samples, the decline of D-
value was very slow during the first four 
weeks (-0.8 g/d) and considerably faster 
during the next six weeks (-6.7 g/d), the 
silages of IV being prepared when the de-
cline was steepest. A similar high daily de-
cline was also reported by Hoffman et al. 
(1997) during year 2 but not year 1 (Table 
3). These findings highlight the large vari-
ation between years which was also report-
ed by Nordheim-Viken and Volden (2009). 
The average daily rate of increase in NDF 
and iNDF concentrations in the Table 4 
for primary growth grass silages was +4.6 
(SD ±3.6) and +3.7 (SD ±1.2) g/d for grass 
silages, respectively, and +4.3 (SD ±3.1) 
and +4.1 (SD ±1.4) g/d for red clover si-
lage, respectively. The increase of NDF 
in this work was much higher than those 
average values, the increase being +7.8–
+8.0 g/d for grass (I, IV) and +6.3 g/d for 
red clover (IV). These high values for red 
clover NDF indicate curvilinearity as was 
also observed with the D-value in herb-
age samples of the same sward (Kuoppa-
la et al. 2010). During the first four weeks 
of sampling, NDF concentration was de-
creasing and after that period it increased 
at a high rate of +8.6 g/d. Nordheim-Viken 
et al. (2009) reported an increase of +4.2 
g/d in NDF concentration of timothy from 
the beginning of heading to full heading, 
but a decrease of -0.3 g/d from full head-
ing to anthesis. While NDF concentration 
of timothy after heading remained quite 
constant, the concentration of iNDF in-
creased, causing a decrease in pdNDF con-
centration (Nordheim-Viken and Volden 
2009). Advancing maturity does not only 
increase the concentration of NDF, but 
also changes its composition and alters the 
rate of digestion of it.
3.1.4 Maturity in regrowth
The effects of maturity on digestibility of 
regrowth silages are quite variable in the 
literature. The average daily decrease of di-
gestibility was -1.4 (SD ±1.5) g/d for grass 
silages and -1.6 (SD ±2.1) g/d for red clo-
ver in regrowth (Table 3). There may also 
be notable differences between grass spe-
cies, and even varieties, in the level and 
rate of change of digestibility. The high-
est daily declines were observed with per-
ennial ryegrass (Gordon 1980, Dawson 
et al. 2002) and lowest with timothy and 
meadow fescue (Åman and Lindgren 1983; 
Kuoppala et al. 2003, Rinne et al. 2007). 
However, the grass species were confound-
ed with the geographical location because 
the data of perennial ryegrass was main-
ly from Great Britain and Ireland where-
as the data of timothy and meadow fescue 
was from Finland and other Nordic coun-
tries (Table 3).
In many studies, the rate of decline of di-
gestibility in regrowth grass has been very 
slow (Syrjälä and Ojala 1978, Van Soest 
et al. 1978, Åman and Lindgren 1983, 
Lindberg and Lindgren 1983, Keady and 
O’Kiely 1998, Kuoppala et al. 2003). The 20  MTT SCIENCE 11
Table 3. Daily change of digestibility (expressed as D-value (g/kg DM) or as digestibility 
of OM or DM, (g/kg)) of grass and red clover due to delaying the harvest.
Grass Grass Red clover
Reference Method species7 cut 1 cut 2 cut 1 cut 2
Salo et al. 1975 in vitro1 ti,mf -6.7 -3.3
Syrjälä and Ojala, 1978  in vivo ti -4.6 -1.98
Gordon, 1980  in vivo pr -3.9
Steen and Gordon, 1980  in vivo pr -1.3
Åman and Lindgren, 1983  in vivo ti -2.9 -1.9
Åman and Lindgren, 1983  in vivo mf -4.9 -0.4
Lindberg and Lindgren, 1988  in vivo ti -4.3 -1.2
Tuori et al. 1992 in vivo mf 5.9
Tuori et al. 1992 in vivo tf 4.4
Hakkola and Nykänen-Kurki, 1994  in vitro2  ti -5.1 -1.7
Hoffman et al. 1997, year 1 in vitro  -2.7
Hoffman et al. 1997, year 2 in vitro  -4.9
Rinne et al. 1997  in vitro1  ti,mf -6.4
Keady and O'Kiely, 1998  in vitro pr -4.7 -1.2
Rinne and Nykänen, 2000  in vitro3  ti,mf -5.7 -2.8 -1.5
Fraser et al. 2000  in vivo +1.8
Dawson et al. 2002, year 1  in vivo pr -3.7
Dawson et al. 2002, year 2  in vivo pr,rb -4.3
Rinne et al. 2002  in vivo ti,mf -4.8
Kuoppala et al. 2003  in vitro3  ti -5.5 -0.6
Kaldmäe et al. 2003, early varieties in vitro5 -5.7
Kaldmäe et al. 2003, late varieties in vitro5 -4.0
Kuoppala et al. 2006, trial 1 in vivo -3.9 -5.4
Kuoppala et al. 2006, trial 2 in vivo -4.8 -1.4
Kuoppala et al. 2006, trial 3 in vivo -3.4 -2.2
Rinne et al. 2007  NIRS6 ti,mf -4.8 +0.9 -2.9 +0.4
Keady et al. 2008 in vivo pr -3.5
Owens et al. 2008a in vitro1  pr +0.4
Owens et al. 2008b in vitro1  pr +0.5
Pursiainen et al. 2008a in vitro4 ti,mf,pr -10.3
Sihto and Rinne 2008  in vitro4 ti,mf,tf -4.5 -1.9
Vanhatalo et al. 2008  in vivo ti,mf -5.1 -3.7 -2.5
Kuoppala et al. 2010  in vitro4 -3.7 -1.6
Nissinen et al. 2010  in vitro3 ti -8.4 -0.9
I  in vivo ti,mf -5.0 -3.1
IV  in vivo ti,mf -4.6 -4.9
Mean -5.3 -1.4 -3.7 -1.6
Standard deviation ±1.6 ±1.5 ±1.1 ±2.1
Digestibility was determined in vivo with adult wethers or in vitro using methods of 1Tilley and Terry (1963), 2Menke et 
al. (1979), 3Friedel (1990), 4pepsine-HCl (Nousiainen et al. 2003), 5DaisyII or using 6near infrared reflectance spectroscopy 
(NIRS); 7Plant species: ti = timothy (Phleum pratense); mf = meadow fescue (Festuca pratensis); pr = perennial ryegrass 
(Lolium perenne); rb = rough bluegrass (Poa trivialis); tf = tall fescue (Festuca arundinacea); 8Third cut.  MTT SCIENCE 11   21
D-value has even increased in regrowth, 
with average daily increase of +0.9 g/d for 
timothy-meadow fescue, and +0.4 g/d for 
red clover in the field data of Rinne et al. 
(2007). Syrjälä et al. (1978) reported a de-
crease in OMD of -4.2 g/d in regrowth af-
ter the first cut but in the second regrowth, 
a curvilinear change was found, first an 
increase of OMD followed by a slight de-
crease. In general, the rate of decline has 
been slower in regrowth than in primary 
growth (Beever et al. 2000). This results in 
a smaller range in the quality of regrowth 
silages than in primary growth silages, al-
though the time difference between the 
harvests within cuts was similar. Givens et 
al. (1993) reported considerably more vari-
ability in the values for the spring growths 
than in regrowth.
In study I, the increase in NDF concen-
tration with delayed harvest in regrowth 
was marginal, but the increase in iNDF 
concentration was substantial, in accord-
ance with Nordheim-Viken and Volden 
2009. When the increase of iNDF was 
considered in relation to NDF accumula-
tion (daily increase of iNDF/ daily increase 
of NDF), it was found to be much greater 
in regrowth than in primary growth (2.14 
vs 0.48, respectively). In the Table 4, the 
average daily increases in NDF and iNDF 
concentrations were much lower for grass-
es than for red clover (+0.5 vs +3.1 g/d for 
NDF and +1.2 vs +4.0 g/d for iNDF, re-
spectively). The digestibility of regrowth 
grass diets changed without any marked 
changes in NDF concentration (Figure 3), 
in accordance with Deinum et al. (1968) 
and Lindberg and Lindgren (1988). Lind-
berg and Lindgren (1988) reported only 
minor changes in NDF concentration with 
advancing maturity in regrowth with a 
slower rate of change than in primary 
growth. In the study I, the relationships 
between chemical composition and D-val-
ue differed between the cuts, as in prima-
ry growth similar D-value was achieved at 
a higher NDF concentration.
3.1.5  Environmental factors
Growth and change in chemical composi-
tion in plants are a complex process where 
the regulating mechanisms in the plant in-
teract with environmental factors (Thor-
valdsson 1987). Temperature, solar radi-
ation, and water and nutrient availability 
are likely to contribute to growth and rate 
of cell wall lignification (Buxton and Fales 
1994, Van Soest 1994). Furthermore, the 
time of the previous harvest has a remark-
able effect on the regrowth of forage, and 
the annual and seasonal variation have also 
been considerable (Nordheim-Viken and 
Volden 2009). 
Geographical location also alters forage 
quality even when forages are harvested at 
similar morphological stages (Buxton and 
Fales 1994). In the classical paper of Dei-
num et al. (1981), it was reported that di-
gestibility of timothy was better at high-
er latitude. The environment alters leaf to 
stem ratios, causes morphological modifi-
cations and changes in chemical composi-
tion, and it also influences the rate of age-
ing and the amount of dead plant material 
(Buxton and Fales 1994). 
Lower digestibility of regrowth silages ob-
served in study I and in other studies (Cas-
tle and Watson 1970; Khalili et al. 2005) 
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Figure 3. The relationship between the 
concentration of NDF in silage and the 
whole diet digestibility of OM (OMD) in 
dairy  cows  consuming  diets  based  on 
grass (G) and red clover (RC) silages from 
primary growth (1) and grass silages from 
regrowth (2).22  MTT SCIENCE 11
Table 4. Daily change of NDF and iNDF concentration of grass and red clover in prima-
ry growth and in regrowth due to delaying the harvest.
NDF, g/d iNDF, g/d
Grass Red clover Grass Red clover
Reference
Grass 
species1 cut 1 cut 2 cut 1 cut 2 cut 1 cut 2 cut 1 cut 2
Åman and Lindgren 1983  ti +4.8 -1.2
Åman and Lindgren 1983  mf +4.6 +1.3
Lindberg and Lindgren 1988 ti +3.4 -0.05
Gasa et al. 19912 pr +4.3 +4.0
Tuori et al. 1992  mf +2.6
Tuori et al. 1992  tf +2.1
Brink and Fairbrother 1994 +2.4
Rinne et al. 1997  ti+mf +7.9
Fraser et al. 2000  -0.8
Rinne et al. 2002  ti+mf +7.6 +3.6
Dawson et al. 2002, year 1  pr +2.5
Dawson et al. 2002, year 2  pr,rb +3.3
Kuoppala et al. 2006 trial 1 +5.3 +7.4 +3.7 +6.2
Kuoppala et al. 2006 trial 2 +7.4 +1.5 +5.5 +1.7
Kuoppala et al. 2006 trial 3 -0.9 +3.6 +2.4 +4.1
Owens et al. 2008b pr -1.1 +0.5
Owens et al. 2008a pr +0.4 +0.5
Vanhatalo et al. 2008 ti,mf +4.0 0.3 1.9
Pursiainen et al. 2008a ti,mf,pr +14.0 +2.5
Keady et al. 2008 pr +4.6
Nordheim-Viken & Volden 20093
59°N, year 1 ti +6.1 +1.5 +2.2 +3.0
59°N, year 2 ti +2.8 -0.3 +6.1 +1.2
59°N, year 3 ti +1.4 +0.5 +3.4 +2.6
69°N, year 1 ti -2.0 +0.4 +4.9 -0.1
69°N, year 2 ti -0.9 +0.4 +3.1 +0.1
Grabber 2009 +6.5 +5.0
Moharrery et al. 20094 pr +4.3 +5.1 +5.8 +3.8
Kuoppala et al. 2010  +3.7 +1.6
I  ti,mf +8.0 +0.7 +3.9 +1.5
IV  ti,mf +7.8 +6.3 +3.0 +4.9
Mean  +4.6 +0.8 +4.3 +3.2 +3.7 +1.2 +4.1 +4.0
Standard deviation ±3.6 ±1.7 ±3.1 ±2.6 ±1.2 ±1.1 ±1.4 ±2.3
1Plant species: ti = timothy (Phleum pratense); mf = meadow fescue (Festuca pratensis); pr = perennial ryegrass (Lolium 
perenne); rc = red clover (Trifolium pratense); rb = rough bluegrass (Poa trivialis); tf = tall fescue (Festuca arundinacea). 
The concentration of iNDF was determined by 24 or 36 d incubation while in other trials 12 d incubation time was used. 
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could be caused by the higher temperature 
during regrowth. The mean daily temper-
ature reported in I was considerably high-
er for regrowth grass during summer (17.2 
°C) than for primary growth grass during 
spring (12.0 °C), which may have affect-
ed the lignification process. Wilson et al. 
(1991) concluded that high temperature 
during growth increased the intensity of 
lignification of the existing lignified cells. 
High temperature promotes higher meta-
bolic activity in plants and increases ligni-
fication (Van Soest 1994). 
The concentration of lignin and iNDF of 
regrowth silages in study I was intermedi-
ate between the two primary growth silage. 
This is in accordance with the findings of 
Bertrand et al. (2008) who concluded that 
higher temperatures decreased DM and 
NDF in vitro digestibility, but had limit-
ed effect on concentrations of NDF, ADF 
and lignin. 
Differences in the growing environment 
of primary growth versus regrowth also 
include a different relationship between 
the length of day and temperature. In 
spring, the correlation of the length of 
day and temperature is positive, but dur-
ing regrowth it turns negative, i.e. days be-
gin to shorten towards autumn. Deinum 
et al. (1981) concluded that each 1 h in-
crease in day length increases herbage di-
gestibility by about 0.02 units. Howev-
er, Bertrand et al. (2008) did not find any 
difference between 15 h and 17 h photope-
riods in the 17/5 °C temperature regime in 
DM or NDF in vitro digestibility. Nord-
heim-Viken et al. (2009) concluded from 
their experiment in a growing chamber 
that the temperature regime (21/15 °C and 
15/9 °C, 12h/12h) or length of photoperi-
od (18 and 24 h) did not affect the iNDF 
or lignin content of timothy. Wilson et 
al. (1991) found, by using higher temper-
atures (32/26 and 22/16 °C, day/night), 
that OMD of leaf and stem was consist-
ently lower at higher temperature. This dif-
ference was larger for grasses than for lu-
cerne, and for stem it was twofold larger 
than for leaf. 
3.2  Factors affecting intake 
of silages 
Feed intake plays an essential role in pro-
duction responses. Feed digestibility is one 
of the most important factors affecting si-
lage intake (Huhtanen et al. 2007). In-
take and digestibility depend on the rate 
of NDF digestion in the rumen, the rate of 
breakdown of feed particles and the rate of 
digesta outflow from the rumen (Mertens 
1993). Most of the variation in diet di-
gestibility in cows fed grass silage based 
diets was related to dietary NDF concen-
tration and NDF digestibility (Nousiai-
nen et al. 2009). 
The intake of red clover containing silage 
has been superior (Heikkilä et al. 1992, 
1996, Dewhurst et al. 2003a,b) but, in 
contrast, the intake of regrowth grass si-
lage has been inferior (Castle and Watson, 
1970, Peoples and Gordon 1989, Heik-
kilä et al. 1998, Khalili et al. 2005, I, II) 
when compared with grass silage prepared 
from primary growth. The reduced intake 
potential of regrowth grass silages clearly 
contributes to the lower milk production 
potential, but the challenge lies in identify-
ing factors that cause the intake reduction. 
Investigation of the effects of cut (primary 
growth vs regrowth) and maturity is not 
simple because these two factors are often 
confounded. For example, the low quali-
ty silage may have been cut late in prima-
ry growth and the high quality silage early 
in first or subsequent regrowth. In this sit-
uation, the difference between the harvests 
and the effect of maturity are confounded 
and conclusion drawn from those compar-
isons can be misleading. 
3.2.1 Red clover vs grasses
The main findings in study IV concern-
ing DMI of red clover vs grass were un-24  MTT SCIENCE 11
expectedly low DMI of early cut red clo-
ver silage and high DMI of the mixed red 
clover grass silage. The highest silage DMI 
was found for cows consuming the mixed 
forage diet, in accordance with previous 
physiological experiments with dairy cows 
(Dewhurst et al. 2003b, Bertilsson and 
Murphy 2003). However, Dewhurst et al. 
(2003a) reported higher intakes with dairy 
cows consuming red clover as sole forage, 
compared with mixed silage or grass silage. 
In study III, mixing early cut red clover si-
lage with late cut grass silage of lower di-
gestibility caused a daily DMI increase of 
2.0 kg, compared with the late cut grass si-
lage diet, and as high as 2.7 kg when com-
pared with early cut red clover diet. Mix-
ing these two very different silages seemed 
to induce positive associative effects on 
intake. Intake increased in earlier exper-
iments when the proportion of red clo-
ver increased from 0 to 67% (Tuori et al. 
2002) or to 100% (Moorby et al. 2009) 
in the mixed red clover grass silage diets. 
The mean silage DMI response to red clo-
ver containing silage was 1.3 (SD ±0.76) 
kg/d in data presented in Table 5. This is in 
good agreement with IV, and also with the 
relative silage DMI index which predicts 
higher intakes of silages containing leg-
umes compared to pure grass silages (Huh-
tanen et al. 2007). In that meta analysis, 
the effect of D-value, DM, total fermen-
tation acid and fibre concentrations were 
taken into account in the statistical mod-
el. The maximum increase of 1.65 kg/d 
for legume containing silages was reached 
at the inclusion rate of 0.80 of total silage 
DM. However, this value was based on 
limited amount of data so the equation 
was recommended for use when the pro-
portion of red clover was less than 50% of 
the forage DM.
When red dover silage was fed as sole for-
age the silage DMI response was on aver-
age +0.4 (SD±2.0) kg/d, although the D-
value was on average 40 g/kg DM lower 
(Table 6.) This increase was smaller and 
more varible compared with red clover-
grass mixtures (Table 5) but the response 
in milk yield was higher. Thomas et al. 
(1985) reported a 21% increase in red clo-
ver silage intake over grass silage despite 
the lower digestibility. Broderick et al. 
(2001) compared red clover silage with al-
falfa silage and cows consumed more red 
clover than alfalfa with no difference in 
milk production or composition. Replac-
ing alfalfa silage with red clover silage in-
creased intake and N efficiency but not 
milk yield (Broderick et al. 2007).
In study IV, the fermentation character-
istics of the red clover and grass silages 
were fairly similar due to the high level of 
formic acid additive used for both silage 
types. A high D-value and low concentra-
tion of total fermentation acids generated 
the highest silage DMI index for early cut 
red clover silage, indicating that it should 
have promoted high DMI. The reason for 
the unexpectedly low DMI of highly di-
gestible early cut red clover silage may be 
attributable to metabolic factors regulat-
ing feed DMI, because physical constraints 
could not be major restricting factors as 
will be discussed later. However, despite 
the lower DMI milk production was not 
decreased for red clover diets.
These findings suggest that, either ear-
ly cut red clover satisfied the nutrient re-
quirements for the milk yield potential of 
the cows used, or the nutrient composi-
tion was not optimal to reach higher DMI 
and milk production. The concentrations 
of VFA and ammonia in the rumen were 
highest on this diet, despite the lowest 
DMI (III). According to Choung et al. 
(1990), the intake of high-protein silag-
es may be depressed by factors associated 
with high rates of absorption of ammo-
nia from the rumen. However, the level 
of even the highest ammonia concentra-
tion peak during the feeding interval for 
the early cut red clover silage diet was low-  MTT SCIENCE 11   25
Table 5. Intake and production responses of dairy cows fed red clover containing silage 
compared with grass silage.
Silage 
DMI, 
 kg/d
Milk 
kg/d
ECM 
kg/d
Fat  
g/kg
Prot. 
 g/kg
Prot. 
 g/d
Diet  
OMD,  
g/kg
Heikkilä et al. 1992
rc(301)+ti,mf2 vs ti,mf trial 1 +1.7 +1.6 +1.0 -2.1 +0.1 +58
rc(70)+ti,mf vs ti,mf trial 2 0.0 +1.1 +0.1 -2.4 -1.4 -2 -30
rc(70)+ti,mf vs ti,mf trial 3 +0.3 -0.2 -0.3 -0.5 +0.5 +7 -30
Heikkilä et al. 2002b
rc(60)+ti,mf vs ti,mf +2.5 +3.8 +3.9 +0.5 -0.5 +103 -10
rc(60)+ti,mf vs ar +1.6 +0.4 +1.0 +2.2 -1.2 -25 -70
Tuori et al. 2002
rc(33)+mf  vs mf +2.3 0.0 0.0 -0.1 -0.1 -3 -10
rc(67)+mf  vs mf +1.6 +0.5 -1.0 -4.1 +0.2 +19 16
Tuori et al. 2000
rc(50)+mf vs mf +0.2 +1.3 +0.8 -0.7 -0.4 +25 -1
Bertilsson and Murphy 2003
rc(50)+pr vs pr                    year 1 +1.9 +1.6 +0.6 -3.2 -0.5 +40 +27
rc(50)+pr vs pr                    year 2 +0.8 +1.3 +0.6 -2.0 -1.2 +10 +18
Dewhurst et al. 2003b
rc(50)+rg vs rg year 1 +1.5 +3.7 +4.3 +1.5 -0.5 +113 -33
rc(50)+rg vs rg year 2, 4 kg3 +0.5 +0.2 +0.2 -0.6 0.0 +19 +35
rc(50)+rg vs rg year 2, 8 kg3 +0.9 +1.1 +0.2 -3.1 +0.7 +55 -17
Vanhatalo et al. 2006
rc(40)+mf,ti vs mf,ti barley  +0.3 +0.8 +0.6 -2.1 +0.0 +31 +6
rc(40)+mf,ti vs mf,ti oats  0.0 +1.6 +1.6 +0.1 -0.6 +38 -6
Moorby et al. 2009
rc(34)+pr vs pr +1.1 +0.9 +0.5 -1.3 -0.1 +28 -16
rc(66)+pr vs pr +1.7 +1.3 +0.5 -2.4 -0.2 +40 -45
III 
rc(50)+ti,mf vs ti,mf early +0.8 +0.7 -0.2 -2.3 -1.1 -9 -19
rc(50)+ti,mf vs ti,mf late +2.0 +2.2 +1.2 -2.6 -1.1 +41 +1
Mean +1.3 +1.3 +0.8 -1.4 -0.4 +31 -11
Standard deviation ±0.76 ±1.12 ±1.45 ±1.72 ±0.63 ±36.9 ±26.8
DMI = dry matter intake; ECM = energy corrected milk; OMD = digestibility of organic matter; 1Proportion of red clover 
in the mixture, %. 2Plant species: ti = timothy (Phleum pratense); mf = meadow fescue (Festuca pratensis); pr = perennial 
ryegrass (Lolium perenne); rc = red clover (Trifolium pratense); rb = rough bluegrass (Poa trivialis); tf = tall fescue (Festuca 
arundinacea); rg = mixed ryegrass (Lolium perenne, Lolium × boucheanum and Lolium multiflorum). 3Daily allowance of 
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Table 6. Intake and production responses of dairy cows fed red clover silage as sole for-
age compared with grass silage.
Silage 
DMI,  
kg /d
Milk 
kg/d
ECM 
kg/d
Fat 
 g/kg
Prot.  
g/kg
Prot.  
g/d
Diet 
OMD, 
g/kg
Silage 
D-value,  
g/kg DM
Thomas et al. 1985
rc1 vs. pr +1.8 +2.0 -4.2 -0.6 +32 -23 -31
Tuori et al. 2000
rc vs. mf +0.5 +1.2 +0.4 -1.4 -0.4 +21 +28 -31
Tuori et al. 2002
rc vs. mf -0.5 +2.0 +0.7 -3.3 -0.6 +40 +44 -61
Bertilsson & Murphy 2003
rc vs pr year 1 +0.9 +2.3 +1.6 -1.7 -0.5 +60 -50 -25
rc vs pr year 2 -2.2 -0.4 -2.0 -2.5 -2.2 -70 +4 -31
Dewhurst et al. 2003b
rc vs. rg year 1 +2.0 +3.2 +3.3 +0.7 -1.2 +75 -71
rc vs. rg year 2, 4 kg2 +2.6 +2.1 +2.7 +1.8 -0.4 +53 +14
rc vs. rg year 2, 8 kg2 +2.6 +2.7 +1.2 -3.6 -0.7 +62 -6
Vanhatalo et al 2008
rc vs ti,mf early cut -3.6 -0.3 -0.7 +0.3 -1.5 -52 +86 -57
rc vs ti,mf late cut +0.7 +2.9 +2.0 -3.1 -1.0 +72 +113 -28
Moorby et al. 2009
rc vs pr +2.3 +0.9 -0.2 -2.5 -1.5 -7 -87
III 
rc vs ti,mf early cut -1.9 +0.6 -1.3 -3.5 -2.2 -59 +12 -36
rc vs ti,mf late cut +0.1 +1.8 +0.8 -1.8 -1.8 +4 +4 -63
Mean +0.4 +1.6 +0.8 -1.9 -1.1 +18 +3.0 -40
Standard deviation ±2.0 ±1.2 ±1.6 ±1.8 ±0.7 ±51.0 ±58.8 ±15.8
DMI = dry matter intake; ECM = energy corrected milk; OMD = digestibility of organic matter; 1Plant species: ti = 
timothy (Phleum pratense); mf = meadow fescue (Festuca pratensis); pr = perennial ryegrass (Lolium perenne); rc = red clover 
(Trifolium pratense); rb = rough bluegrass (Poa trivialis); tf = tall fescue (Festuca arundinacea); rg = mixed ryegrass (Lolium 
perenne, Lolium × boucheanum and Lolium multiflorum). 2 Daily allowance of concentrates.
er than the values of Choung et al. (1990) 
which reduced DMI. 
Red clover silage has also proven to be su-
perior in terms of feed intake and produc-
tivity for other ruminants than dairy cows: 
lambs offered red clover silage had higher 
silage and total DMI compared with lu-
cerne or ryegrass silages resulting in a fast-
er growth, increase in condition score and 
better feed conversion efficiency (Speijers 
et al. 2005). Merry et al. (2006) reported 
that steers consumed more red clover silage 
fed either as a mixture with grass, or as a 
sole forage, than grass silage. 
3.2.2 Primary growth vs regrowth
In study I, silage and total DMI were high-
er when silages from primary growth rath-
er than from regrowth were fed, but since 
the average silage D-value was also high-
er (674 vs 640 g/kg DM), this was to be 
expected. The response in silage DMI be-  MTT SCIENCE 11   27
tween diets containing grass silage from 
regrowth compared with primary growth 
grass silages, was quite systematically neg-
ative in Table 7. Huhtanen et al. (2007) 
reported, based on a meta-analysis of 46 
diets, that the relative silage DMI index 
predicts lower intakes of regrowth grass si-
lages compared with primary growth grass 
silages of similar digestibility, DM concen-
tration and extent of in-silo fermentation. 
In the silage DMI index, the coefficient of 
the proportion of regrowth silage (0-1) was 
0.44, meaning that it was on average 0.44 
kg/d lower than that of comparable prima-
ry growth silage. 
The lower DMI of regrowth silages was 
seen in study I when the mean of all four 
regrowth silages was compared to late har-
vested primary growth silage. Most of the 
chemical and digestibility parameters (for 
example, DM content 277 vs 283 g/kg 
and D-value 640 vs 644 g/kg DM, for re-
growth silages and late primary growth 
silage, respectively) were similar and the 
only marked difference was the higher 
NDF concentration of primary growth si-
lage. However, the cows fed silage from 
primary growth consumed more silage 
(13.3 vs 12.5 kg DM/d) and total DM 
and produced more milk (32.6 vs 31.1 kg 
ECM/d). It can be speculated that some 
other factors such as microbiological qual-
ity of silage possibly contributing to the 
taste or palatability in regrowth silages af-
fect silage DMI.
The microbiological quality of regrowth 
grass may differ from that of primary 
growth, as typically weather is warmer lat-
er in the summer and regrowth grass con-
tains more dead plant material. In study 
I, the occurrence of leaf spot infections 
(mainly Drechslera sp. and Bipolaris sorok-
iniana) was evaluated by sampling 6 times 
on a weekly basis both regrowth areas. The 
proportion of leaf area destroyed and the 
severity of damage increased with advanc-
ing regrowth (Figure 4). The 12 d differ-
ence in primary growth harvest did not 
affect systematically the occurrence of in-
fections. Furthermore, the increased het-
erogeneity, in terms of higher proportion 
of weeds or different composition of grass 
species, in grass material may be one pos-
sible reason for the inferior intake of re-
growth silages.
Mertens (1994) summarized that besides 
physical and metabolic regulation of in-
take, psychogenic modulators can affect 
intake. These modulators include taste, 
Figure 4. Average proportion of leaf area damaged by leaf spot in-
fection (mainly Drechslera sp. and Bipolaris sorokiniana) during re-
growth of grass cut at early or late stage of primary growth. (Parik-
ka et al. unpublished data). 
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Table 7. Intake and production responses of dairy cows to regrowth grass and red clo-
ver silages.
Silage 
DMI, 
kg/d
Milk 
kg/d
ECM 
kg/d
Fat  
g/kg
Prot.  
g/kg
Prot.  
g/d
Diet 
OMD 
g/kg
Silage 
D-value 
g/kg DM
Castle & Watson 1970
ti,pr1 -0.8 -0.4 -1.8 +0.4 -6 -13
Peoples & Gordon 1989
pr -0.8 -0.5 -2.1 -0.5 -24 -2
Heikkilä et al. 1998
mf,ti -2.0 -0.8 -1.9 -3.1 -0.7 -46 +11.0 +33
Heikkilä 2000 
cf  cut 2 vs cut 1 -2.0 -7.8 -6.8 +4.0 +1.8 -194 -84
cf  cut 3 vs cut 1 -2.4 -7.4 -5.0 +6.3 +3.2 -147 -42
Heikkilä 2002a 
ti -0.8 -0.2 -0.1 +0.5 -0.1 -8 -35
cg -2.0 -1.3 -1.6 -0.4 +0.2 -37 -13
Bertilsson & Murphy 20032
pr -2.0 -2.0 -3.7 +3.4 -2.2 -120 -81
Khalili et al. 2005
mf,ti -1.4 -2.4 -1.8 +2.1 -0.6 -94 -44 -81
Jaakkola et al. 2006
mf,ti year 1 -0.8 -0.9 -1.8 -1.5 -0.5 -51 -16 -74
mf,ti year 2 -2.6 -2.8 -4.1 -2.0 -1.2 -133 +3 -69
I
ti,mf conc.8, comp1  -4.4 -4.1 -6.2 -3.6 -1.3 -187 -18 -45
ti,mf conc.8, comp2 -4.5 -5.0 -7.4 -4.5 -2.1 -230 -53 -95
ti,mf conc.8, comp3 -0.1 +1.4 +0.1 -3.7 -0.4 +42 +64 +20
ti,mf conc.8, comp4 -0.1 -0.9 -1.9 -2.3 -0.6 -38 +36 -15
ti,mf conc.12, comp1 -3.6 -3.3 -4.7 -1.6 -1.8 -174 +16 -45
ti,mf conc.12, comp2 -3.3 -3.2 -5.2 -3.2 -2.4 -187 -13 -95
ti,mf conc.12, comp3 -1.0 +0.6 0.0 -0.9 -0.6 +2 +75 +20
ti,mf conc.12, comp4 -1.1 -0.7 -1.3 -1.4 -0.6 -34 +52 -15
Mean, grass -1.8 -1.8 -2.7 -0.5 -0.6 -76 +11 -36
Standard deviation  ±1.3 ±2.7 ±2.7 ±3.0 ±1.3 ±85.9 ±38.0 ±44.8
Bertilsson & Murphy 2003
rc +3.3 -0.1 +0.4 -0.3 +0.5 +10 -62
Vanhatalo et al. 2008
rc early +2.1 +0.8 +0.5 -2.0 +1.2 +61 -77.0 -20
rc late +2.8 +1.3 +1.5 +0.4 +0.1 +51 -23.0 60
Mean, red clover +2.7 +0.7 +0.8 -0.6 +0.6 +40.7 -50.0 -7.3
Standard deviation  ±0.6 ±0.7 ±0.6 ±1.2 ±0.6 ±27.0 ±0.04 ±63.6
DMI = dry matter intake; ECM = energy corrected milk; OMD = digestibility of organic matter; 1Plant species: ti = 
timothy (Phleum pratense); mf = meadow fescue (Festuca pratensis); pr = perennial ryegrass (Lolium perenne); rc = red clo-
ver (Trifolium pratense); rb = rough bluegrass (Poa trivialis); tf = tall fescue (Festuca arundinacea); cf = cocksfoot (Dactylis 
glomerata); cg = couch grass (Elymus repens). 2First and second cuts were harvested on different years.  MTT SCIENCE 11   29
smell, texture and visual appeal, in ad-
dition to emotional state, social interac-
tions and learning. They involve an ani-
mal’s behavioural response to inhibitory 
or stimulatory factors in the feed or feed-
ing environment that are not related to 
the feed’s energy value or filling effect 
(Mertens 1994). Maybe the taste or smell 
of regrowth grass deteriorated due to an 
increased amount of decomposing and in-
fected leaf material and caused decreased 
intake. Also the increased proportion of 
weeds may have affected intake. If such 
factors exist in herbage, ensiling seems to 
maintain it. 
Contrary to grass silages, higher mean si-
lage DMI has been observed for regrowth 
red clover compared with primary growth 
(Table 7). However, the amount of data 
available was very limited. The two pair 
wise comparisons within the experiments 
of Bertilsson and Murphy (2003) and Van-
hatalo et al. (2008) showed a high response 
of 2.7 kg/d to regrowth compared with 
primary growth red clover silages (Table 
7). A higher intake of regrowth red clover 
containing silage compared with grass si-
lage was observed also by Randby (1992). 
3.2.3 Maturity 
The average intake response to decreased 
grass silage digestibility in study I in pri-
mary growth (0.48 kg DM/d per 10 g de-
crease in D-value) was higher compared 
with the average value observed in the 
meta  analysis  (0.175,  Huhtanen  et  al. 
2007) (Table 8). Based on data of 17 pub-
lications, Rinne (2000) reported a decrease 
of 0.27 kg/d per 10 g decrease in D-value. 
In regrowth (I), the average response was 
zero, when the change was considered 
between early and late harvesting in re-
growth (Table 8). The lower DM concen-
tration of earlier harvested regrowth si-
lages may have affected the silage DMI 
response, as well as the more extensive in-
silo fermentation (Huhtanen et al. 2007). 
Wilting, and consequently higher feed 
DM content, has been reported to improve 
intake of silage (Wright et al. 2000, Rom-
ney et al. 2000, Huhtanen et al. 2007). 
However, if we compare the diets based 
on the silages made from the regrowths of 
early harvested in cut 1 with those made 
of late harvested in cut 1, the 12-d long-
er growing time in cut 2 decreased the av-
erage D-value of silages (634 vs 647 g/kg 
DM), decreased silage DMI by 0.5 kg/d, 
the average response in silage DMI being 
–0.42 kg/d per 10 g decrease in D-value. 
In this comparison the responses were not 
confounded with DM concentration and 
in-silo fermentation of the silages.  
Steen and Gordon (1980) and Gordon 
(1980) reported an average decrease of 0.24 
kg/d per 10 g decrease in D-value. In phys-
iological studies, the silage DMI responses 
were on the same level in primary growth 
and lower in regrowth (Table 8).
The tendency of increasing silage DMI 
with advancing maturity for red clover diet 
(IV) was opposite to the results found with 
grass silage diets in I, II and IV and in ear-
lier studies (Rinne 2000). The delay of two 
weeks in the harvest of red clover caused 
an average increase of 0.8 kg in daily DMI 
despite the decreased digestibility, the in-
crease being 0.12 kg/d per 10 g decrease in 
D-value (IV). 
In contrast to IV, a two weeks’ delay in the 
harvest of primary growth red clover silag-
es resulted in a decrease of 1.7 kg in daily 
DMI in the experiment of Vanhatalo et al. 
(2008), the response of –0.36 kg/d per 10 g 
decrease in D-value being higher than the 
above mentioned values. Also Hoffman et 
al. (1997), who compared red clover with 
alfalfa silages, both harvested at two stages 
of growth in primary growth, found that 
delaying the harvest decreased silage DMI 
of both plant species.  
Using regrowth red clover silages, Van-
hatalo et al. (2008) found an increase of 30  MTT SCIENCE 11
Table 8. Change of silage DMI kg/d per 10 g decrease of digestibility of silage (expressed 
as D-value, OMD or DMD) due to delay in harvest.
Grass Red clover
Reference cut 1 cut 2 cut 1 cut 2
I, conc. 8 kg -0.60
I, conc. 12 kg -0.35
I, E, conc. 8 kg -0.02
I, E, conc. 12 kg -0.06
I, L, conc. 8 kg 0.00
I, L, conc. 12 kg +0.03
I, (EE&EL vs LE&LL), 8 kg -0.60
I, (EE&EL vs LE&LL), 12 kg -0.24
II  -0.28 -0.11
IV -0.29 +0.12
Vanhatalo et al. 2008 -0.78 -0.36 +0.31
Hoffman et al. 1997, year 1 -0.78
Hoffman et al. 1997, year 2 -0.33
Steen and Gordon 1980  -0.24
Gordon 1980  -0.23
Mean -0.46 -0.08 -0.34 +0.31
Figure 5. Silage dry matter intake in relation to silage D-value (a) and iNDF concentra-
tion (b) in dairy cows consuming diets based on grass (G) and red clover (RC) silages 
from primary growth (1) and grass silages from regrowth (2). 
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1 kg in daily DMI when more mature red 
clover silage was fed. Fraser et al. (2000) 
also found in the experiment with lambs 
eating regrowth red clover silage that de-
laying the harvest did not affect the vol-
untary intake. 
Although  the  results  from  dairy  cows 
consuming red clover silage harvested at 
different growth stages are rare, and the 
effects of maturity may have been con-
founded with the cut and other quality 
components, increasing the maturity (ex-  MTT SCIENCE 11   31
pressed as D-value) of the red clover en-
siled did not seem to affect silage DMI as 
consistently as with grasses (Figure 5a). 
The intakes of all sets of grass silages and 
one set of red clover increased with increas-
ing D-value, whereas the intake of two sets 
of red clover silages decreased.
The early harvested red clover used in III 
and the early harvested regrowth red clo-
ver in the experiment of Vanhatalo et al. 
(2008) were possibly harvested at a very 
early stage of maturity, resulting in in-
crease in the DMI when harvesting was 
delayed. This was, however, not obvious, 
on the basis of the D-values of these silag-
es. It seems that the D-value may not be 
as appropriate criteria for predicting the 
DMI response of red clover silages as it is 
for grass silages. However, the data availa-
ble is not enough because stage of maturi-
ty of red clover used in the literature data 
could not be detected or connected to di-
gestibility in majority of papers.
It can be speculated based on these data 
that silage iNDF concentration could be 
better in predicting the intake responses to 
red clover (Figure 5b). The DMI of grass 
silage decreased in relation to increasing 
iNDF concentration in silage.  For red clo-
ver silage, the DMI first increased with in-
creasing iNDF concentration and then de-
creased suggesting a curvilinear response 
to iNDF concentration of the silage. 
Although general conclusion can not be 
drawn owing to the small amount of data 
available, the effect of maturity of red clo-
ver silage intake warrants for a further re-
search. It would have been interesting to 
detect the intake responses to later stages 
of maturity for red clover. 
3.3  Rumen contents and 
NDF digestion kinetics 
Plant species and maturity are the two 
most important sources of variation in 
digestion  kinetics  (Smith  et  al.  1972, 
Mertens 1993). Physical distension of the 
reticulorumen is a major factor limiting 
intake of high fibre diets (Mertens 1994). 
This means that in the short term regula-
tion of intake, stretch receptors in the re-
ticulorumen provide the stimulus to the 
brain which ends the meal. When high 
quality diets like highly digestible silage 
are fed, the cow eats to meet its energy de-
mand and DMI is limited by the cow’s ge-
netic potential (Mertens 1994). 
Data concerning rumen fill and digestion 
and passage kinetics of regrowth grass 
compared with primary growth is very 
limited, whereas the effect of maturity in 
primary growth has been studied more. In 
study II, no difference between cuts were 
observed for rumen volume or pool sizes 
of fresh matter, DM and NDF. 
Volume and fresh weight of rumen con-
tents were higher for the late harvested red 
clover and for the mixed red clover grass 
diet compared with grass diets (IV) and 
compared with grass silage diets in II. Ru-
men pool sizes of NDF and pdNDF were 
smaller for red clover silage diets than grass 
silage diets (Figure 6a, b), in accordance 
with Dewhurst et al. (2003a). In contrast, 
the pool sizes of iNDF for both red clo-
ver diets were larger than for the grass di-
ets (Figure 6c, d). The same was true for 
regrowth grass silage diets compared with 
primary growth grass silage diets (II)
The larger pool size of iNDF observed 
both for red clover and regrowth grass di-
ets was due to the slower iNDF outflow 
rate (II, IV), which also resulted in a high-
er ratio of iNDF to pdNDF in the rumen 
contents, compared with primary growth 
grass diets. This ratio was higher in the 
omasal canal for grass diets, indicating se-
lective retention of highly digestible par-
ticles. The opposite was true for red clover 
diets. It seemed that iNDF accumulated 
into the rumen with red clover diets, but it 
is difficult to draw conclusion about cause 
and effects: is it due to plant characteris-32  MTT SCIENCE 11
tics or is it because rumen fill, in terms of 
NDF pool, was less limiting with red clo-
ver diets so that there has not been a need 
for faster passage? 
The pool size of pdNDF was higher for 
primary growth grass diets than for diets 
based on regrowth grass (II) or red clo-
ver silages (IV). The higher digestion rate 
of pdNDF for red clover diets resulted in 
a smaller pool size of pdNDF and NDF, 
compared  with  grass  silage  diets  (IV). 
It has also been reported in many other 
studies that legumes have a higher diges-
tion rate compared with grasses despite 
the higher content of indigestible material 
(Smith et al. 1972, Wilson and Kennedy 
1996, Weisbjerg and Søegaard 2008). Fur-
ther, Rinne and Nykänen (2000) report-
ed that the difference in digestion rate be-
tween red clover and timothy was much 
higher for stems than leaves. 
Regardless of the higher passage rate from 
rumen for red clover pdNDF, the higher 
digestion rate of red clover pdNDF relative 
to grass silage diets besides lower pdNDF 
concentration resulted in a higher total 
tract pdNDF digestibility for red clover si-
lage diets. Similar total tract NDF digest-
ibility in combination with a higher con-
centration of cell solubles for red clover 
diets resulted in a similar total tract OM 
digestibility of these diets. In Table 6, av-
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Figure 6. The effect of silage D-value (a, c) and silage DMI (b, d) on the rumen pool size 
of NDF and iNDF in studies II and IV for dairy cows consuming diets based on grass (G) 
and red clover (RC) silages from primary growth (1) and grass silages from regrowth (2).  MTT SCIENCE 11   33
erage diet OMD was on the same level for 
pure red clover diets compared with grass 
silage diets.
Delaying the harvest increased the pool 
sizes of NDF, pdNDF and iNDF in both 
cuts in II (Figure 6), which was in accord-
ance with earlier results in primary growth 
(Rinne et al. 2002). Delaying the harvest 
decreased the digestion rate of pdNDF for 
grass (II, IV) but increased that for red clo-
ver in study IV (Figure 7). It did not affect 
passage rate of iNDF (II, IV) but increased 
that of pdNDF (II). Advancing maturity 
has been shown to decrease the digestion 
rate for both legumes and grasses (Bux-
ton 1989, Rinne and Nykänen 2000) but 
the change was slower for red clover than 
for grasses. 
Hoffman et al. (1997) found a faster in vi-
tro NDF digestion rate for later harvested 
legumes for the first year, but not for the 
second year. Moharrery et al. (2009) ob-
served no clear effect of maturity on in vi-
tro fractional rate of degradation of NDF 
for red clover or grasses although the later 
harvest in primary growth seemed to de-
crease degradation rate for grasses. Rinne 
and Nykänen (2000) reported that the di-
gestion rate for the leaves of red clover and 
grass (timothy) was almost the same, while 
for stems of red clover it was clearly high-
er than for the stems of timothy. The in-
creasing proportion of stems with advanc-
ing maturity did not appear to affect the 
digestion rate for red clover as negatively 
as for grasses. 
The total tract digestibility of pdNDF for 
both grass and red clover diets did not de-
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Figure 7. The effect of silage D-value (a, c) and DM intake (DMI) (b, d) on digestion rate 
(kd) of pdNDF and passage rate (kp) of iNDF in dairy cows consuming diets based on 
grass (G)  and red clover (RC) silages from primary growth (1) and grass silages from 
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crease with the delay in harvest in study 
IV. It can be speculated that the different 
responses to the delay of harvest found for 
red clover diets (seen in Figures 6 and 7) 
may originate from the fact that cows con-
sumed more red clover silage harvested at a 
later stage of growth. Mertens (1994) stat-
ed that the level of intake has the greatest 
impact on the rate of passage and it is not 
clear whether an increased rate of passage 
results in increased intake or increased in-
take causes increased rate of passage. Ac-
cording to Huhtanen et al. (2006a) the 
passage kinetics often reflect the effects 
of feed intake, which may be the case in 
the present study, where the DMI was in-
creased by delaying the harvest for red 
clover. 
Rumen fill has most probably not limit-
ed intake of regrowth grass silages (II) be-
cause the highest rumen pool size of NDF 
was observed for late harvested primary 
growth silage. Intake of NDF was also 
highest for that diet. Declining NDF in-
take with high silage D-values (over 640 
g/kg DM) suggest that factors other than 
rumen fill were limiting intake (Huhtanen 
et al. 2007).
The unexpectedly low DMI of early cut 
red clover silage (IV) could not be attrib-
utable to physical constraints because ru-
men pool sizes of DM and NDF were 
smallest. Rumen volume and pool sizes 
of fresh matter, DM and NDF were high-
er for mixed diet than for late cut grass, 
or early cut red clover silages fed alone, 
which is in accordance with Bertilsson and 
Murphy (2003). Dewhurst et al. (2003) 
found larger pool sizes for red clover fed 
as sole forage compared with 1:1 mixture 
or grass silage alone. The difference be-
tween the present experiment and those 
two may stem from different cuts: Ber-
tilsson and Murphy (2003) had their si-
lages made from cut 2 and the silages of 
Dewhurst et al. (2003) were proportion-
al mixtures of 3 cuts of each year, while 
in IV, primary growth silages were used. 
Rumen  fill  may  have  limited  DMI  of 
late harvested primary growth grass si-
lage where the rumen content of NDF 
was highest in II and IV. In IV, cows con-
sumed 2 kg/d more silage DM when early 
harvested red clover was mixed with late 
harvested primary growth grass silage with 
a decrease in NDF pool size. 
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3.4  Nitrogen digestion and 
microbial protein synthesis 
in the rumen
In relation to dietary N concentration of 
diets, the average rumen ammonia N con-
centrations obtained in II and III may be 
considered relatively low, compared with 
previous data for grass silage diets (Ahven-
järvi et al. 1999, Korhonen 2003, Rinne 
et al. 2002) and for red clover diets (De-
whurst et al. 2003) (Figure 8). There might 
have been a slight deficiency of rumen de-
gradable N for the diets based on the both 
primary growth grass silages of III and late 
harvested regrowth grass silage of II, as ob-
served average ammonia N concentrations 
(3.92, 2.82 and 3.48 mmol/l for grass si-
lages of III and II, respectively), and the 
minimum values during the feeding in-
terval in the rumen of cows consuming 
them, were low. 
The rumen ammonia N concentration for 
those diets was near the values, reported 
by Satter and Slyter (1974), required for 
optimal microbial protein synthesis (3.6 
mmol/l) and was lower than the suggest-
ed minimum level for optimum fibre di-
gestion (5.7 mmol/l; Hoover 1986). On 
the other hand, the observed average con-
centration of milk urea for late harvested 
regrowth grass diet (II) was higher than 
16.0 mg/100 ml. It has been suggested 
that this value indicates an adequate sup-
ply of rumen degradable protein in the diet 
(Nousiainen 2004). However, in III, milk 
urea concentrations for both grass diets re-
mained under that value, supporting the 
possible deficiency of rumen degradable N. 
Broderick et al. (2010) reported that zero 
ruminal N-balance (omasal CP flow = CP 
intake) was obtained at a dietary CP con-
centration of 147 g/kg DM, corresponding 
to a ruminal ammonia N of 5.1 mmol/l. 
Omasal canal flow of microbial NAN in-
creased consistently for all diets with in-
creasing ME intake (Figure 9). Microbial 
protein synthesis is primarily connected to 
energy supply for rumen microbes. 
3.4.1 Red clover vs grasses
Owing to the higher N concentrations, 
the N intakes were much higher for red 
clover than grass silage fed cows, being in 
the range of values obtained for pure red 
clover diets in other studies (Dewhurst et 
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Figure 9. Omasal canal flow of microbial a) and non-microbial b) NAN of dairy cows con-
suming diets based on grass (G) and red clover (RC) silages from primary growth (1) 
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al. 2003b, Merry et al. 2006, Broderick 
et al. 2007).
The higher omasal canal NAN flow ob-
served for red clover diets, compared with 
grass silage diets in III, was mainly com-
posed of non-microbial NAN, due to lower 
N digestibility in the rumen with red clo-
ver diets. This is in agreement with previ-
ous results (Dewhurst et al. 2003a, Merry 
et al. 2006, Vanhatalo et al. 2006). 
The efficiency of microbial protein synthe-
sis (MPS) was higher for red clover diets, 
in agreement with previous results with 
dairy cows (Dewhurst et al. 2003a, Van-
hatalo et al. 2006) but not with steers (Lee 
et al. 2003, Merry et al. 2006). The in-
crease in the efficiency of MPS with ad-
vancing maturity was in agreement with 
Brito et al. (2007). Omasal canal NAN 
flow per DOM intake was higher for red 
clover diets than grass diets (40.2 vs 32.0 
g NAN/ kg DOM intake). 
For the mixed red clover grass silage diet, 
positive associative effects for intake were 
observed. One effect was an increased am-
monia N concentration in the rumen for 
the mixed forage diet compared with the 
late-cut grass silage diet, which enhanced 
microbial synthesis. Higher omasal canal 
flow of total NAN and microbial NAN 
(Figure 9a) compared with both compo-
nents of mixture and higher efficiency of 
MPS (Figure 10) compared with grass di-
ets were observed in III. 
3.4.2 Primary growth grass vs regrowth 
grass
The intake of N was higher for prima-
ry growth grass diets compared with re-
growth grass diets (II), as well as for pri-
mary growth grass diets in II compared 
with those of III. Lower total NAN flow 
entering the lower tract with regrowth di-
ets, compared with primary growth diets, 
was mainly explained by lower microbi-
al NAN flow. The contribution of micro-
bial NAN to the total NAN was, on av-
erage, lower for regrowth (56%) than for 
primary growth diets (60%). No difference 
between cuts was found in dietary NAN 
Figure 10. The efficiency of microbial protein synthesis (MPS, g/kg OM 
truly digested in the rumen (OMTDR)) in relation to diet CP concentra-
tion of dairy cows consuming diets based on grass (G) and red clo-
ver (RC) silages from primary growth (1) and grass silages from re-
growth (2).
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flow, in spite of the lower N digestibility 
in the rumen with regrowth diets. The av-
erage efficiency of microbial protein syn-
thesis was not different between the cuts, 
therefore the lower NAN flow of regrowth 
diets was due to the lower DMI and low-
er amount of OM digested in the rumen. 
Improved amino acid (AA) to ME bal-
ance at the tissue level could be a mecha-
nism influencing intake as suggested by in-
creased silage DMI in response to protein 
supplementation in dairy cows (Huhtanen 
et al. 2008). However, lower silage DMI 
for regrowth silage diets was most likely 
not due to lowered balance because higher 
ratio of metabolizable protein (MP) intake 
to ME intake was observed for regrowth 
grass diets compared with primary growth 
(8.1 vs 8.0 g MP/MJ ME for cut 2 and cut 
1, respectively), in study II. Omasal canal 
NAN flow per digestible OM intake was 
also not affected by the cut. 
The N intake for grass silage diets were 
lower in III compared with II due to a sub-
stantially lower N concentration of grass 
silages in III in spite of higher digestibili-
ty. The advancing maturity increased the 
efficiency of MPS, except for grass silage 
diets in III (Figure 9). In contrast, the ef-
ficiency of MPS decreased from early to 
late stage of growth, indicating an inad-
equate supply of N in the rumen for that 
late stage, as also indicated by low rumen 
ammonia N concentration and low milk 
urea concentration. 
3.5  Milk yield and composi-
tion
3.5.1 Red clover vs grasses
Milk and ECM yields for red clover diets 
were similar to grass diets (III) despite the 
lower DMI. Red clover stimulates higher 
milk production irrespective of the varia-
ble intake responses compared with grass-
es, either fed alone or as a mixture with 
grasses (Thomas et al. 1985, Heikkilä et 
al. 1992, 1996, Randby 1992, Tuori et al. 
2000, 2002, Dewhurst et al. 2003b, Ber-
tilsson and Murphy 2003, Vanhatalo et 
al. 2006, Moorby et al. 2009). In Tables 5 
and 6, the average milk and ECM yields 
were higher for red clover containing di-
ets (+1.3 and +0.8 kg/d, for milk and ECM 
yields, respectively) or when it was fed as 
sole forage (+1.6 and +0.8 kg/d, for milk 
and ECM yields, respectively). 
The higher milk production response may 
be caused by higher DMI or improved uti-
lization of nutrients, or both. Higher si-
lage DMI for red clover containing di-
ets was also observed in Tables 5 and 6. 
However, with pure red clover diets the 
higher milk response was related to low-
er intake response, compared with diets 
where red clover was mixed with grass. It 
seems that red clover silage diets provide 
more nutrients with less feeds. Vanhata-
lo et al. (2006) concluded from an exper-
iment where red clover grass silage (40% 
red clover) was compared with grass si-
lage on the restricted feeding, that higher 
production responses cannot be explained 
only by increased DMI, but may be related 
to improved utilisation of nutrients. 
In III, the ECM production remained un-
changed in spite of the lower average ME 
intake, suggesting more efficient utilisation 
of ME for red clover diets compared with 
grass diets with average values of 0.121 vs 
0.112 kg ECM/MJ ME, for red clover and 
grass diets, respectively (Figure 11, Table 
9). This was in agreement with Moorby 
et al. (2009) who reported increased ef-
ficiency in terms of digestible DM intake 
with the increased proportion of red clo-
ver in diet. 
The efficiency in III was also higher in 
terms of milk yield per kg of DM intake 
for red clover diets (1.32 vs 1.26 for red 
clover and grass diets, respectively, Table 
9) which contrasted with the results of 
Moorby et al. (2009). They suggested that 
the increased efficiency indicated mobili-38  MTT SCIENCE 11
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Figure 11. The effect of intake of metabolizable energy (ME) on ener-
gy corrected milk (ECM) yield of dairy cows consuming diets based 
on grass (G) and red clover (RC) silages from primary growth (1) and 
grass silages from regrowth (2) in studies I, II and III. In I, two levels of 
concentrates (8 and 12 kg/d) were offered.
zation and use of body energy reserves for 
milk production for red clover silage di-
ets. Higher plasma NEFA concentrations 
on red clover, than on grass diets, may in-
dicate increased use of body reserves also 
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Figure 12. Milk N efficiency (MNE, milk N, g/kg N intake) in relation to diet 
CP concentration of dairy cows consuming diets based on grass (G) 
and red clover (RC) silages from primary growth (1) and from regrowth 
(2) or mixed red clover-grass silages.
in III. Improvement of nutrient utilisa-
tion was supported by the higher OM and     
pdNDF digestibility for red clover diets 
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Table 9. The milk N and energy efficiency of dairy cows consuming diets based on 
grass (G) and red clover (RC) silages from primary growth (1) or from regrowth (2), 
harvested at early (E) or late (L) stage of maturity. Concentrate levels were 8 and 12 
kg/d in I, 8 kg/d in II and 9 kg/d in III, IV.
MNE1, g/kg N intake ECM, kg/kg DMI ECM, kg/MJ ME
I
G1,E,8 273 1.46 0.126
G1,L,8 305 1.50 0.124
G2,EE,8 283 1.47 0.136
G2,EL,8 306 1.43 0.130
G2,LE,8 287 1.51 0.132
G2,LL,8 303 1.41 0.129
G1,E,12 310 1.45 0.134
G1,L,12 289 1.46 0.130
G2,EE,12 317 1.47 0.135
G2,EL,12 285 1.43 0.134
G2,LE,12 294 1.53 0.131
G2,LL,12 273 1.47 0.132
Cut2 o NS *
Maturity  *** NS ** (cut 1), NS (cut 2)
II
G1,E 265 1.31 0.112
G1,L 278 1.24 0.112
G2,E 251 1.29 0.114
G2,L 295 1.28 0.118
Cut  NS NS NS
Maturity * NS NS
III, IV
G1,E 279 1.26 0.110
G1,L 308 1.27 0.114
Mix 243 1.24 0.110
RC,E 218 1.34 0.119
RC,L 232 1.30 0.122
G vs RC *** * **
Maturity * NS NS
1MNE = efficiency of N for milk protein synthesis (milk N produced / N intake). 2Statistical significance within the trial 
o P ≤ 0.10, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, NS = not significant (P > 0.05).
Lower milk fat and protein concentrations 
for red clover diets in III compared with 
grass silage diets were in agreement with 
earlier reports (Tables 5 and 6), whereas 
they were unchanged in one study report-
ed by Bertilsson and Murphy (2003) and 
in the study of Dewhurst et al. (2003b).
The AA supply of cows fed red clover ver-
sus grass silage diets was higher (III). How-
ever, milk protein content and yield of red 40  MTT SCIENCE 11
clover-fed cows did not reflect the better 
supply, suggesting a possible imbalance 
in nutrients available for milk synthesis. 
Cows consumed ME and MP in excess 
of the requirements according to MTT 
(2006), suggesting no lack of MP quanti-
tatively. It can be assumed that the imbal-
ance in AA due to inadequate Met supply 
could have limited further production re-
sponses, especially for milk protein. This 
was supported by recent results where pure 
red clover (Vanhatalo et al. 2009) or mixed 
red clover grass diets (Rinne et al. 2006a) 
were supplemented with rapeseed or soya-
bean expeller. The concentration of Met 
in plasma and protein content in milk in-
creased with increasing amount of rape-
seed expeller in the diet (Vanhatalo et al. 
2009). Rapeseed expeller contain more 
Met compared with soya-bean expeller, 
and may also contain more rumen-unde-
gradable protein (MTT 2006).
The efficiency of N utilization for milk 
protein synthesis (MNE, ratio of milk N 
produced to N intake) was lower for red 
clover diets than for grass diets but seems 
to be negatively related to diet CP concen-
tration in a similar way as for grass silage 
diets (Figure 12). 
3.5.2 Primary growth vs regrowth
Milk and ECM yields, and fat and pro-
tein concentrations, were lower when cows 
consumed  regrowth  grass  silages  com-
pared with primary growth grass silages 
(I), which was in agreement with the data 
presented in Table 7. The mean responses 
of cows to regrowth grass silage in terms 
of silage DMI and ECM yield were -1.8 
kg/d and -2.7 kg/d, respectively. This was 
to be expected because the D-value of re-
growth silage was lower both in the study 
I and also in Table 7. 
The higher milk yield observed for primary 
growth grass diets may be caused by higher 
DMI and subsequently higher ME intake, 
or improved utilization of ME, or both. In 
I and II, the ECM production was close-
ly related to ME intake and no evidence 
of better utilization of ME for primary 
growth grass diets was found (Figure 11, 
Table 9). That is in agreement with Peo-
ples and Gordon (1989) and Heikkilä et al. 
(1998) who compared spring and autumn 
grass silages and concluded that the lower 
milk production potential of autumn si-
lages was due to reduced silage DMI with 
no difference in the efficiency of energy 
utilization. 
The average MNE was 272 g/kg in II (Ta-
ble 9). The difference between cuts was not 
significant, although the lowest value was 
observed for the early harvested regrowth 
silage diet, where the milk urea concentra-
tion was also high. However, MNE was 
not different for that diet in relation to diet 
CP concentration compared with other di-
ets in II or III (Figure 12). 
The response of milk yield to maturity was 
smaller for regrowth grass silage diets com-
pared with primary growth, with average 
values of 0.42 and 0.21 kg per 10 g de-
cline in D-value for primary growth and 
regrowth, respectively (I). This is in agree-
ment with the results of Rinne (2000) who 
reported 0.3–0.5 kg response per 10 g of 
D-value for primary growth grass silages.   MTT SCIENCE 11   41
1. Red clover contained more ash, protein 
and lignin and less NDF than grasses. The 
concentration of iNDF was higher com-
pared with grass, causing a lower pdNDF 
concentration and a higher ratio of iNDF 
to NDF. In all data (own results and liter-
ature review), the mean ratio was 0.350 for 
red clover and 0.180 for grasses. 
2. Regrowth grass contained more ash, 
protein, iNDF and less NDF than grass 
from primary growth. Higher iNDF con-
centration with lower NDF concentration 
induced higher ratio of iNDF to NDF, 
0.193 for regrowth and 0.167 and for pri-
mary growth grass, in all data obtained.
3. In regrowth grass, the proportion of 
leaves at comparable D-value was high-
er than in primary growth. Furthermore, 
higher proportions of other plant species 
(weeds) and dead tissues, and a higher pro-
portion of meadow fescue than timothy 
were found in regrowth compared with 
primary growth.
4. In primary growth, the mean daily de-
crease of digestibility was slower for red 
clover than for grasses (5.1 vs 3.7 g/d for 
grass and red clover, respectively). The 
mean daily rate of increase in NDF con-
centration was higher for grasses (4.6 vs 
4.3 g/d for grasses and red clover, respec-
tively) whereas the rate of iNDF increase 
was higher for red clover (3.7 vs 4.1 g/d for 
grasses and red clover, respectively).
5. The mean daily decrease of digestibility 
was clearly slower for regrowth grass com-
pared with primary growth grass (1.4 vs 
5.1 g/d, respectively). Also the mean dai-
ly rate of increase in NDF and iNDF con-
centration was slower for regrowth grass 
compared with primary growth grass (0.8 
vs 4.6 g/d for NDF and 1.2 vs 3.7 g/d for 
iNDF concentrations, respectively). 
6. In regrowth, the average digestibility de-
creased with delayed harvest by a slightly 
higher rate for red clover than for grass-
es (1.6 vs 1.4 g/d, respectively). The aver-
age daily increase in NDF was considera-
bly higher for red clover (3.2 g/d) than for 
grasses (0.8 g/d), and that of iNDF was 
also much higher for red clover (4.0 g/d) 
than for grasses (1.2 g/d).  
7. Intake and milk production were slight-
ly lower at comparable digestibility when 
diets were based on regrowth rather than 
primary growth grass silages. Lower milk 
production responses to regrowth grass si-
lage diets could not be accounted for dif-
ferences in energy or protein utilization, 
but were mainly due to the lower silage 
DMI. 
8. Regrowth grass silage intake was not 
limited by NDF digestion, rumen fill or 
passage kinetics. Instead, the lower in-
take may be at least partly related to plant 
diseases such as leaf spot infections, dead 
material or occurrence of weeds, which 
all were more abundant in regrowth than 
in primary growth grass. More attention 
should be paid to this since the impor-
tance of regrowth silages as a forage supply 
in Northern areas may possibly increase 
owing to predicted global warming in the 
future. 
9. The change in digestibility of prima-
ry growth and regrowth grass silages af-
fected differently intake and milk produc-
tion of cows. The effect of delayed harvest 
was less pronounced in regrowth than in 
primary growth. However, no firm con-
clusions could be drawn due to the con-
founding effect of variable DM contents 
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of silages, limited amount of data and rel-
atively small range in silage quality. 
10. The intake and milk production re-
sponses to red clover silage diets were high-
er compared with grass silage diets. Over 
all data, the silage DMI was on average 
0.4 – 1.3 kg/d higher and ECM yield 0.8 
kg/d higher for red clover diets compared 
with grass diets.
11. The efficiency of energy use for milk 
production in terms of kg ECM yield 
per kg feed DMI was higher for red clo-
ver compared with grass silage diets. The 
milk N efficiency was lower for red clo-
ver than for grass silage diets, reflecting a 
higher N intake with red clover diets. Fur-
ther milk production responses to red clo-
ver might have been limited by the imbal-
ance of AA supply, especially inadequacy 
of methionine. 
12. Intake and production were differently 
affected by changes in digestibility when 
the silages were prepared from red clover, 
compared with grass silages. The D-value 
did not explain the intake and production 
potential of red clover silage as consistent-
ly as it did for grass silages. 
13. The response to concentrate inclusion 
was not similar for regrowth grass silage 
diets compared with primary growth silag-
es diets. The ECM response to increased 
concentrate allowance was greater (0.92 vs 
0.62 kg/kg concentrate) when regrowth, 
rather than primary growth, grass silage 
diets were fed. The ECM response in-
creased with increasing maturity in both 
cuts.
14. Further research should be directed es-
pecially towards elucidating the effects of 
growth stage of red clover and regrowth 
grass on silage DMI and milk production.   MTT SCIENCE 11   43
5  References
Ahvenjärvi, S., Joki-Tokola, E., Vanhatalo, 
A., Jaakkola, S. and Huhtanen, P. 2006. 
Effects of replacing grass silage with 
barley silage in dairy cow diets. Journal 
of Dairy Science 89: 1678–1687.
Ahvenjärvi, S., Vanhatalo, A., Huhtanen, 
P.  and  Varvikko,  T.  1999.  Effects  of 
supplementa  tion of a grass silage and 
barley diet with urea, rapeseed meal 
and heat-moisture-treated rapeseed 
cake on omasal digesta flow and milk 
production in lactating dairy cows. Acta 
Agriculturae Scandinavica. Section A 
Animal Science 49: 179–189.  
Ahvenjärvi, S., Vanhatalo, A. and Huhtanen, 
P. 2002. Supplementing barley or rape-
seed meal to dairy cows fed grass-red 
clover silage: I. rumen degradability and 
microbial flow. Journal of Animal Sci-
ence 80, 8: 2176–2187.  
Ahvenjärvi, S., Vanhatalo, A. Huhtanen, P. 
and Varvikko, T. 2000. Determination 
of reticulo-rumen and whole stomach 
digestion in lactating cows by omasal 
canal and  duodenal sampling. Br. J. 
Nutr. 83:67–77. 
Artturi 2010. Artturi® web service. Available 
in the internet: http://www.mtt.fi/artturi. 
Cited April 6, 2010. 
Beever, D. E., Offer, N. and Gill, M. 2000. 
The feeding value of grass and grass 
products. In: Hopkins, A. (ed.), Grass, 
It’s production and utilization. Blackwell 
Science, Oxford, UK, p. 140–195.
Bertrand, A., Tremblay, G. F., Pelletier, S., 
Castonguay, Y. and Bélanger, G. 2008. 
Yield and nutritive value of timothy as 
affected by temperature, photoperiod 
and time of harvest. Grass and Forage 
Science, 63: 421–432.
Bertilsson, J. and Murphy, M. 2003. Ef-
fects of feeding clover silages on feed 
intake, milk production and digestion in 
dairy cows. Grass and Forage Science 
58:309–322.
Bosch, M.W. and Bruining, M. 1995. Pas-
sage rate and total clearance rate from 
the rumen of cows fed on grass silag-
es differing in cell-wall content. British 
Journal of Nutrition 73: 41-49.
Brink, G. E. and Fairbrother, T. E. 1992. 
Forage quality and morphological com-
ponents of diverse clovers during pri-
mary spring growth. Crop Science 32: 
1043–1048.
Brink, G. E. and Fairbrother, T. E. 1994. 
Cell wall composition of diverse clovers 
during primary spring growth. Crop Sci-
ence 34:1666–1671.
Brito, A. F., Broderick, G. A., Olmos Col-
menero, J. J. and Reynal, S. M. 2007. 
Effects of feeding formate-treated alfal-
fa silage or red clover silage on omasal 
nutrient flow and microbial protein syn-
thesis in lactating dairy cows. Journal of 
Dairy Science 90: 1392-1404. 
Broderick, G. A., Brito, A. F. and Olmos Col-
menero, J. J. 2007. Effects of feeding 
formate-treated alfalfa silage or red clo-
ver silage on the production of lactating 
dairy cows. Journal of Dairy Science 90: 
1378-1391. 
Broderick, G. A., Huhtanen, P., Ahvenjärvi, 
S., Reynal, S. M. and Shingfield, K. J. 
2010. Quantifying ruminal nitrogen me-
tabolism using the omasal sampling 
technique in cattle – a meta-analysis. 
Journal of Dairy Science 93: 3203–3215.
Broderick, G. A., Walgenbach, R. P. and 
Maignan, S. 2001. Production of lactat-
ing dairy cows fed alfalfa or red clover 
silage at equal dry matter or crude pro-
tein contents in the diet. Journal of Dairy 
Science 84: 1728–1737.
Broderick, G. A., Walgenbach, R. P. and 
Sterrenburg, E. 2000. Performance of 
lactating dairy cows fed alfalfa or red 
clover silage as the sole forage. Journal 
of Dairy Science,  83: 1543–1551.
Buxton, D. R. 1989. In vitro digestion kinet-
ics of temperate perennial forage leg-
ume and grass stems. Crop Science 
29: 213–219.
Buxton, D. R. and Fales, S. L. 1994. Plant 
environment and quality. In: Fahey G. C. 
(ed.) Forage quality, evaluation and utili-
zation, p. 155–199. Madison, WI, Ameri-
can Society of Agronomy.
Castle, M. E. and Watson, J. N. 1970. Si-
lage and milk production, a compari-
son between grass silages made with 
or without formic acid. Journal of  British 
Grassland Society 25: 65–70.
Choung, J. J., Chamberlain, D. G., Thomas, 
P. C. and Bradbury, I. 1990. The effects 
of intraruminal infusions of urea on the 
voluntary intake and milk production of 
cows receiving grass silage diets. Jour-
nal of Dairy Research 57:455–464.
Dawson, L. E. R., Kirkland, R. M., Ferris, C. 
P., Steen, R. W. J., Kilpatrik, D. J. and 
Gordon, F. J. 2002. The effect of stage 
of perennial ryegrass maturity at har-
vesting, fermentation characteristics 
and concentrate supplementation, on 
the quality and intake of grass silage by 
beef cattle. Grass and Forage Science 
57: 255–267.44  MTT SCIENCE 11
Deinum, B., de Beyer, J., Nordfeldt, P. 
H., Kornher, A., Østgård, O. and van 
Bogaert, G. 1981. Quality of herbage at 
different latitudes. Netherlands Journal 
of Agricultural Science 29: 141–150.
Deinum, B., van Es, A. J. H. and van Soest, 
P. J. 1968. Climate, nitrogen and grass. 
II. The influence of light intensity, tem-
perature and nitrogen on vivo digestibil-
ity of grass and the prediction of these 
effects  from  some  chemical  proce-
dures. Netherlands Journal of Agricul-
tural Science 16, 217–223.
Dewhurst, R. J., Evans, R. T., Scollan, N. D., 
Moorby, J. M., Merry, R. J. and Wilkins, 
R. J. 2003a. Comparison of grass and 
legume silages for milk production. 2. In 
vivo and in sacco evaluations of rumen 
function. Journal of Dairy Science 86: 
2612–2621.
Dewhurst, R. J., Fisher, W. J., Tweed, J. K. 
S. and Wilkins R. J. 2003b. Compari-
son of grass and legume silages for milk 
production. 1. Production response with 
different levels of concentrate. Journal 
of Dairy Science 86: 2598–2611.
Dohme, F., Graf, C. M., Arrigo, Y., Wyss, 
U. and Kreuzer, M. 2007. Effect of bo-
tanical characteristics, growth stage 
and method of conservation on factors 
related to the physical structure of for-
age - An attempt towards a better un-
derstanding of the effectiveness of fibre 
in ruminants. Animal Feed Science and 
Technology 138: 205–227.
Doyle, C. J. and Topp C. F. E. 2004. The 
economic opportunities for increasing 
the use of forage legumes in north Eu-
ropean livestock systems under both 
conventional and organic management. 
Renewable Agriculture and Food Sys-
tems 19: 15–22.
Fagerberg, B. 1988. Phenological devel-
opment in timothy, red clover and lu-
cerne. Acta Agriculturae Scandinavica 
38: 159–170.
Ferris, C. P., Gordon, F. J., Patterson, D. 
C., Kilpatrick, D. J., Mayne, C. S. and 
McCoy, M. A. 2001. The response of 
dairy cows of high genetic merit to in-
creasing proportion of concentrate in 
the diet with a high and medium feed 
value silage. Journal of Agricultural Sci-
ence, Cambridge 136: 319–329.
Frame, J., Charlton, J. F. L. and Laidlaw, A. 
S. 1998. Temperate Forage Legumes. 
CAB International, Wallingford, UK.
France, J. and Siddons, R. C. 1986. Deter-
mination of digesta flow by continuous 
marker infusion. Journal of Theoretical 
Biology 121: 105–119.
Fraser, M. D., Fychan, R. and Jones, R. 
2000. Voluntary intake, digestibility and 
nitrogen utilization by sheep fed ensiled 
forage legumes. Grass and Forage Sci-
ence. 55: 271–279.
Gasa, J., Holtenius, K., Sutton, J. D., Dh-
anoa, M. S. and Nappers, D. J. 1991. 
Rumen fill and digesta kinetics in lac-
tating Friesian cows given two levels of 
concentrates with two types of grass 
silage ad lib. British Journal of Nutrition 
66: 381–398.
Givens, D. I., Moss, A. R. and Adamson, A. 
H. 1993. Influence of growth stage and 
season on the energy value of fresh 
herbage. 1. Changes in Metabolizable 
energy content. Grass and Forage Sci-
ence 48: 166–174.
Gordon, F. J. 1980. The effect of interval 
between harvests and wilting on silage 
for milk production. Animal  Production 
31: 35–41.
Grabber, J. H. 2009. Forage management 
effects on protein and fiber fractions, 
protein degradability, and dry matter 
yield of red clover conserved as silage. 
Animal Feed Science and Technology 
154: 284–291
Gustavsson,  A.-M.  and  Martinsson,  K. 
2004. Seasonal variation in biochemical 
composition of cell walls, digestibility, 
morphology, growth and phenology in 
timothy. European Journal of Agronomy 
20: 293–312.
Hakkola, H. and Nykänen-Kurki, P. 1994. 
Effect of nitrogen fertilization and cut-
ting time on the quality and variable 
costs of red clover and timothy herbage 
production. In: Grassland and society: 
proceedings of the 15th general meet-
ing of the European Grassland Federa-
tion. Wageningen: European Grassland 
Federation. p. 105–108.
Heikkilä, T. 2002a. Couch grass (Elymus 
repens) compared with timothy (Ph-
leum pratense L.) silage in milk pro-
duction. Grassland Science in Europe 
7: 202–203. 
Heikkilä, T. 2002b. Yksivuotinen raiheinä-
säilörehu maidontuotannossa. Maata-
loustieteen Päivät 2002. Kotieläintiede. 
Maaseutukeskusten Liiton julkaisuja nro 
977, p. 147–150. (in Finnish).
Heikkilä, T., Jaakkola, S. and Huhtanen, 
P. 2000. Effect of sodium fertilization 
of cocksfoot leys on milk production. 
Grassland Science in Europe 5: 157–159.
Heikkilä, T., Toivonen, V. and Huhtanen, P. 
1998. Effect of spring and autumn si-
lage, protein and concentrate level on 
milk production. Grassland Science in 
Europe 3: 717–721.
Heikkilä, T., Toivonen, V. and Mela, T. 1992. 
Comparison of red clover-grass silage 
with grass silage for milk production. In: 
Proceedings of the 14th General Meet-
ing of the European Grassland Fed-  MTT SCIENCE 11   45
eration, Lahti, Finland, June 8-11, 1992. 
European Grassland Federation, Lahti, 
Finland. p. 388-391. 
Heikkilä, T., Toivonen, V. and Mela, T. 1996. 
Effects of red clover-grass, grass and 
annual ryegrass silages with two con-
centrate protein levels on milk produc-
tion. In: G. Parente, J. Frame and S. Orsi 
(ed). Grassland and Land Use Systems. 
Proceedings of the 16th General Meet-
ing of the European Grassland Federa-
tion, Grado (Gorizia), Italy, September 
15-19, 1996. Gorizia: Organizing Com-
mittee of the 16th General Meeting of 
the European Grassland Federation. 
ERSA, Ente Regionale per la Promozi-
one e lo Sviluppo dell’Agricolture Via 
Montesanto. p. 447–450.
Hetta, M., Cone, J. W., Bernes, G., Gus-
tavsson,  A.-M.  and  Martinsson,  K. 
2007. Voluntary intake of silages in dairy 
cows depending on chemical composi-
tion and in vitro gas production charac-
teristics. Livestock Science 106: 47–56.
Hoffman, P. C., Combs, D. K., Brehm, N. M. 
and Welch, D. A. 1997. Performance of 
lactating dairy cows fed red clover or al-
falfa silage. J. Dairy Sci. 80: 3308–3315.
Hoover, W. H. 1986. Chemical factors in-
volved in ruminal fiber digestion. J. Dairy 
Sci. 69:2755–2766.
Huhtanen, P., Ahvenjärvi, S. Weisbjerg, M. 
and Norgaard, P. 2006a. Digestion and 
passage of fibre in ruminants. In K. Se-
jrsen, T. Hvelplund, and M. O. Nielsen, 
(ed). Ruminant Physiology: Digestion, 
Metabolism  and  Impact  of  Nutrition 
in Gene Expression, Immunology and 
Stress. Wageningen Academic Publish-
ers, Wageningen, the Netherlands. p. 
87–135.
Huhtanen, P., Brotz, P. G. and Satter, L. D. 
1997. Omasal sampling technique for 
assessing fermentative digestion in the 
forestomach of dairy cows. Journal of 
Animal Science 75: 1380-1392.
Huhtanen, P. and Heikkilä, T. 1996. Ef-
fects of physical treatment of barley 
and rapeseed meal in dairy cows given 
grass silage-based diets. Agricultural 
and Food Science in Finland 5, 4: 399–
412.
Huhtanen, P., Jaakkola, S. and Pärssinen, 
P. 2001. Ruokonata lypsylehmien re-
huna. In: Ed. Oiva Niemeläi  nen, Mari 
Topi-Hulmi, Eeva Saarisalo. Nurmitutki-
musten satoa: tuloksia lannoituksesta, 
palkokasveista, luomunurmista, laitu-
mista, ruokonadasta. Suomen Nurmiyh-
distyksen julkaisu 14: 34–38. (in Finnish).
Huhtanen, P., Nousiainen, J. and Rinne, M. 
2006b. Recent developments in forage 
evaluation with special reference to 
practical applications. Agricultural and 
Food Science 15: 293–323.
Huhtanen, P., Rinne, M., and Nousiainen, J. 
2007. Evaluation of the factors affecting 
silage intake of dairy cows: a revision 
of the relative silage dry-matter intake 
index. Animal 1: 758–770.
Huhtanen, P., Rinne, M. and Nousiainen, J. 
2008. Evaluation of concentrate factors 
affecting silage intake of dairy cows: a 
development of the relative total diet 
intake index. Animal 2: 942–953.
Jaakkola, S., Saarisalo, E., Heikkilä, T., Ny-
sand, M., Suokannas, A., Taimisto, A.-
M. and Mäki, M. 2006. Maitoa siilo- vai 
paalirehulla? In: Rehuntuotantotekno-
logian kehitys - riski maidon laadulle? 
Alkutuo  tannon  ja  maidonjalostuksen 
laaturiskit  rehuntuotantoteknologian 
kehittyessä,  Amare-hankkeen  lop-
puseminaari. Jokioinen 26.4.2006. p. 
26–35. (in Finnish).
Jones, B. A., Muck, R. E. and Hatfield R. D. 
1995. Red clover extracts inhibit legume 
proteolysis. Journal of the Science of 
Food and Agriculture 67:329–333. 
Kaldmäe, H., Vadi, M., Kirsel, R. and Olt, 
A. 2003. Effect of growth stage of leg-
umes on silage digestibility. Veterinarija 
Ir Zootechnika. 22: 49–52
Keady, T. W. J., Kilpatrick, D. J., Mayne, 
C. S. and Gordon, F. J. 2008. Effects 
of replacing grass silage with maize si-
lages, differing in maturity, on perform-
ance and potential concentrate sparing 
effect of dairy cows offered two feed 
value grass silages. Livestock Science 
119: 1–11.
Keady, T. W. J., Mayne, C. S., Fitzpatrick, D. 
A. and Marsden, M. 1999. The effects 
of energy source and level of digestible 
undegradable protein in concentrates 
on silage intake and performance of 
lactating dairy cows offered a range 
of grass silages. Animal Science 68: 
763–777.
Keady, T. W. and O’Kiely, P. 1998. An evalu-
ation of potassium and nitrogen fertili-
zation of grassland, and date of har-
vest, on fermentation, effluent produc-
tion, dry matter recovery and predicted 
feeding value of silage. Grass Forage 
Science 53: 326–337.
Khalili, H., and Huhtanen, P. 2002. Effect of 
casein infusion in the rumen, duodenum 
or both sites on factors affecting forage 
intake and performance of dairy cows 
fed red clover-grass silage. Journal of 
Dairy Science 85, 4: 909-918.
Khalili, H., Sairanen, J., Nousiainen, J. and 
Huhtanen, P. 2005. Effects of silage 
made from primary or regrowth grass 
and protein supplementation on dairy 
cow performance. Livestock Production 
Science 96: 269–278.
Korhonen, M. 2003. Amino acid supply and 
metabolism in relation to lactational per-46  MTT SCIENCE 11
formance of dairy cows fed grass silage 
based diets. Academic Dissertation, 
University of Helsinki, Department of 
Animal Science, Publications 68. http://
urn.fi/URN:ISBN:952-10-0859-8
Kuoppala, K., Rinne, M. and Huhtanen, P. 
2003. Morphological composition and 
digestibility of primary growth and re-
growth of timothy. In O. Niemeläinen 
and M. Topi-Hulmi (ed). Proceedings 
of the NJF’s 22nd congress ’Nordic 
Agriculture in Global Perspective’, July 
1–4, 2003, Turku, Finland. MTT Agrifood 
Research Finland and NJF, Jokioinen, 
Finland. p. 55.
Kuoppala, K., Rinne, M., Tuori, M., Pursiai-
nen, P. and Vanhatalo, A. 2006. Puna-
apilasäilörehujen sulavuuden määrit-
täminen. In: Maataloustieteen Päivät 
2006 [electronic publication]. Suomen 
Maataloustieteellisen Seuran julkaisuja 
no 21. Ed. Anneli Hopponen. Cited No-
vember 5, 2009. Published January 9, 
2006. Available in the Internet: http://
www.smts.fi/pos06/1108.pdf (in Finnish)
Kuoppala, K., Rinne, M., Tuori, M., Pursiai-
nen, P. and Vanhatalo, A. 2010. Puna-
apilan kehitysrytmi alku- ja loppukesällä. 
In: Maataloustieteen Päivät 2010 [elec-
tronic publication]. Suomen Maatalo-
ustieteellisen Seuran julkaisuja no 26. 
Ed. Anneli Hopponen. Cited January 13, 
2010. Published January 11, 2010. Avail-
able in the Internet: http://www.smts.fi/
jul2010/poste2010/127.pdf (in Finnish).
Lee, M. R. F., Connelly, P. L., Tweed, J. K. 
S., Dewhurst, R. J., Merry, R. J. and 
Scollan, N. D. 2006. Effects of high-
sugar ryegrass silage and mixtures with 
red clover silage on ruminant digestion. 
2. Lipids.  Journal of Animal Science 84: 
3061-3070. 
Lindberg, J. E. and Lindgren, E., 1988. Influ-
ence of cutting time and N fertilization 
on the nutritive value of timothy. 3. Ru-
men degradability of cell walls, in vivo 
digestibility and estimated energy and 
protein values. Swedish Journal of Ag-
ricultural Research 18: 91–98.
McDonald, P., Henderson, A. R. and Heron, 
S. J. E. 1991. The biochemistry of silage. 
2nd ed. Chalcombe Publishing, UK. 340 
p. 
McRae, J. C., Smith, J. S., Dewey, P. J. S., 
Brewer, A. C., Brown, D. S. and Walker, 
A., 1985. The efficiency of utilization of 
metabolizable energy and apparent ab-
sorption of amino acids in sheep given 
spring  and  autumn-harvested  dried 
grass. British Journal of Nutrition 54: 
197–209.
Merry, R. J., Lee, M. R. F., Davies, D. R., 
Dewhurst, R. J., Moorby, J. M., Scol-
lan, N. D. and Theodorou, M. K. 2006. 
Effects of high-sugar ryegrass silage 
and mixtures with red clover silage on 
ruminant digestion. 1. In vitro and in vivo 
studies on nitrogen utilization. Journal of 
Animal Science 84:3049–3060. 
Mertens, D. R. 1993. Kinetics of cell wall 
digestion and passage in ruminants. 
Pages  535–570  in  Forage  Cell  Wall 
Structure and Digestibility. H. G. Jung, 
D. R. Buxton, R. Buxton, R. D. Hatfield, 
and J. Ralph (ed) American Society of 
Agronomy Inc., Crop Science Society 
of America Inc., Soil Science Society of 
America Inc., Madison, WI.
Mertens, D. R. 1994. Regulation of forage 
intake. In: Fahey, G. C., Jr. (ed) For-
age quality, evaluation, and utilization. 
American Society of Agronomy, Inc., 
Crop Science Society of America, Inc., 
and Soil Science Society of America, 
Inc. Madison, Wisconsin, USA. p. 450-
493.
Moharrery, A., Hvelplund, T. and Weisbjerg, 
M. R. 2009. Effect of forage type, har-
vesting time and exogenous enzyme 
application on degradation characteris-
tics measured using in vitro technique. 
Animal Feed Science and Technology 
153: 178–192. 
Moorby, J. M., Lee, M. R. F., Davies, D. R., 
Kim, E. J., Nute, G. R., Ellis, N. M. and 
Scollan, N. D. 2009. Assessment of die-
tary ratios of red clover and grass silag-
es on milk production and milk quality 
in dairy cows .J Dairy Sci 92: 1148–1160. 
MTT. 2006. Rehutaulukot ja ruokintasu-
ositukset  (Feed  tables  and  feeding 
recommendations). MTT Agrifood Re-
search Finland, Jokioinen. http://www.
mtt.fi /rehutaulukot/ Cited February 19, 
2010. 
Nissinen, O., Kalliainen, P. and Jauhiainen, 
L. 2010. Development of yield and nutri-
tive value of timothy in primary growth 
and regrowth in northern growing con-
ditions. Agricultural and Food Science, 
19: 252–268.
Nordheim-Viken, H., Volden, H. and Jør-
gensen, M. 2009. Effects of maturity 
stage, temperature and photoperiod 
on growth and nutritive value of timo-
thy (Phleum pratense L.). Animal Feed 
Science and Technology 152: 204–218.
Nordheim-Viken, H. and H. Volden. 2009. 
Effect of maturity stage, nitrogen ferti-
lization and seasonal variation on rumi-
nal degradation characteristics of neu-
tral detergent fibre in timothy (Phleum 
pratense L.). Animal Feed Science and 
Technology 149: 30–59.
Nousiainen, J. 2004. Development of tools 
for the nutritional management of dairy 
cows on silage-based diets. Academic 
Dissertation, University of Helsinki, De-
partment of Animal Science, Publica-
tions 72. Available in the Internet: http://
urn.fi/URN:ISBN:952-10-0865-2  MTT SCIENCE 11   47
Nousiainen, J., Rinne, M., Hellämäki, M. 
and Huhtanen, P. 2003. Prediction of 
the digestibility of the primary growth 
and regrowth grass silages from chemi-
cal composition, pepsin-cellulase solu-
bility and indigestible cell wall content. 
Animal Feed Science and Technology 
110: 61–74.
Nousiainen, J., Rinne, M., and Huhtanen, P. 
2009. A meta-analysis of feed digestion 
in dairy cows. 1. The effects of forage 
and concentrate factors on total diet 
digestibility. Journal of Dairy Science 92: 
5019–5030.
Owens,  D.,  McGee,  M.  and  T.  Boland. 
2008a. Effect of grass regrowth interval 
on intake, rumen digestion and nutri-
ent flow to the omasum in beef cattle. 
Animal Feed Science and Technology 
146: 21–41.
Owens,  D.,  McGee,  M.  and  T.  Boland. 
2008b. Intake, rumen fermentation, de-
gradability and digestion kinetics in beef 
cattle offered autumn grass herbage 
differing in regrowth interval. Grass and 
Forage Science 63: 369–379.
Pakarinen, K., Virkajärvi, P., Seppänen, M. 
and Rinne, M. 2008. Effect of different 
tiller types on the accumulation and di-
gestibility of the herbage mass of timo-
thy (Phleum pratense L.) In Proceed-
ings of 22nd General Meeting of Euro-
pean Grassland Federation, Uppsala, 
Sweden. Biodiversity and Animal Feed. 
Future Challenges for Grassland Pro-
duction. A. Hopkins, T. Gustafsson, J. 
Bertilsson, G. Dalin, N. Nilsdotter-Linde, 
and E. Spörndly (ed). Swedish Univer-
sity of Agricultural Sciences (SLU), Upp-
sala. p. 495–497
Peltonen-Sainio, P., Jauhiainen, L., Hakala, 
K. and Ojanen, H. 2009. Climate change 
and prolongation of growing season: 
changes in regional potential for field 
crop production in Finland. Agricultural 
and Food Science 18: 171–190.
Peoples, A. C. and Gordon, F. J. 1989. The 
influence of wilting and season of silage 
harvest and the fat and protein concen-
tration of the supplement on milk pro-
duction and food utilization by lactating 
cattle. Animal Production 48, 305–317.
ProAgria  2010.  Tuotosseurantakarjojen 
ruokinta 2009. [electronic publication]. 
Cited June 10, 2010. Available in the in-
ternet: https://portal.mtt.fi/portal/page/
portal/ProAgria/Tapahtumat/Tuloksia/
Tulos-seminaari%20rehutulokset %20
HM%20jakoversio_ik.pdf (in Finnish).
Pursiainen, P. Rinne, M., Hakala, K., Nykä-
nen, A. and Vanhatalo, A. 2007. Hyödyl-
linen puna-apila antaa haastetta. Maito 
ja Me, nro 3/2007. (in Finnish).
Pursiainen, P., Jaakkola, S., Tuori, M. and 
Vanhatalo, A. 2008a. Puna-apilasäilö-
rehun ruokinnallinen arvo lypsylehmän 
ainoana  karkearehuna  ja  seoksena 
heinäkasvisäilöre  hun kanssa. In: Maa-
taloustieteen Päivät 2008 [electronic 
publication].  Suomen  Maataloustie-
teellisen Seuran tiedotteita no 23. Ed. 
Anneli Hopponen. Published January 
9, 2008. Available in the internet: http://
www.smts.fi/mpol2008/index_tiedostot/ 
Posterit /ps080.pdf (in Finnish).
Pursiainen, P., Jaakkola, S., Tuori, M., Rinne, 
M. and Vanhatalo, A. 2008b. Rypsi- ja 
soija  puriste puna-apilasäilörehun valku-
aistäydennyksenä. In: Maataloustie  teen 
Päivät 2008 [electronic publication]. 
Suomen Maataloustieteellisen Seuran 
tie  dotteita no 23. Ed. Anneli Hoppo-
nen. Published January 9, 2008. Avail-
able in the internet: http://www.smts.
fi/mpol2008/index_tiedostot/Posterit/
ps027.pdf (in Finnish).
Randby, Å. T. 1992. Grass-clover silage 
for dairy cows. In: Proceedings of the 
14th General Meeting of the European 
Grassland Federation. Lahti, Finland, 
June 8-11, 1992. European Grassland 
Federation, Lahti, Finland. p. 272–275. 
Rinne, M., 2000. Influence of the timing of 
the harvest of primary grass growth 
on  herbage  quality  and  subsequent 
digestion and performance in the ru-
minant  animal.  Academic  Disserta-
tion, University of Helsinki, Department 
of  Animal  Science,  Publications  54. 
Available in the Internet: http://urn.fi/ 
URN:ISBN:952-91-3015-5
Rinne, M., Huhtanen, P. and Jaakkola, S., 
2002.  Digestive  processes  of  dairy 
cows  fed  silages  harvested  at  four 
stages of grass maturity. Journal of 
Animal Science 80: 1986–1998.
Rinne, M., Jaakkola, S. and Huhtanen, P. 
1997. Grass maturity effects on cattle 
fed silage-based diets. 1. Organic mat-
ter digestion, rumen fermentation and 
nitrogen utilization. Animal Feed Sci-
ence and Technology 67: 1–17. 
Rinne, M., Kuoppala, K., Ahvenjärvi, S. and 
Vanhatalo, A. 2006a. Rypsi soijaa pa-
rempi lypsylehmien valkuaistäydennys 
myös apilapitoista säilörehua syötettä-
essä. In: Maataloustieteen päivät 2006 
[electronic publication]. Suomen maa-
taloustieteellisen seuran tiedote 21: Ed. 
Anneli Hopponen. Published January 
9, 2006. Cited January 20, 2010. Avail-
able in the internet http://www.smts.fi/
esit06/1002.pdf (in Finnish).
Rinne, M. and Nykänen, A. 2000. Timing of 
primary growth harvest affects the yield 
and nutritive value of timothy-red clover 
mixtures. Agricultural and Food Science 
in Finland 9: 121–134.
Rinne, M, Nykänen, A., Kemppainen, J., 
Nyholm, L. & Nousiainen, J. 2010. Pro-
portion of red clover in forage can be 48  MTT SCIENCE 11
estimated based on calcium concen-
tration. Proc. 1st Nordic Feed Science 
Conference, Uppsala, Sweden 23-24 
June 2010. Swedish University of Agri-
cultural Sciences, Dept. Animal Nutrition 
and Management, Report 274, pp. 5-9. 
Available in Internet at: https://arbet-
splats.slu.se/sites/huv/Delade%20do-
kument/NFSC_Proceedings_100617.pdf 
Rinne, M., Nykänen, A., Nyholm, L. Nousi-
ainen, J. and Vanhatalo, A. 2007. Kehi-
tysrytmi huomioitava apilanurmen kor-
juussa. In: Puna-apilaa nurmiin ja ruo-
kintapöydälle. Puna-apila tehokkaasti 
luomumaidoksi  -tutkimushankkeen 
päätösseminaari 17.4.2007. Suomen 
Nurmiyhdistyksen julkaisuja 25. Avail-
able in the internet: https://portal.mtt.
fi/portal/page/portal/nurmiyhdistys/Jul-
kaisut/puna-apila/rinne.pdf. p. 23–33. 
(in Finnish).
Rinne, M., Olt, A., Nousiainen, J., Seppälä 
A., Tuori, M., Paul, C., Fraser, M. D. 
and Huhtanen, P. 2006b. Prediction of 
legume silage digestibility from various 
laboratory methods. Grass and Forage 
Science 61: 354–362.
Romney, D. L., Blunn, V., Sanderson, R. 
and Leaver, J. D. 2000. Feeding behav-
iour, food intake and milk production re-
sponses of lactating dairy cows to diets 
based on grass silage of high or low 
dry-matter content, supplemented with 
quickly and slowly fermentable energy 
sources. Animal Science 71: 349–357.
Salo, M.-L., Nykänen, A. and Sormunen, 
R. 1975. Composition, pepsin-HCl solu-
bility and in vitro digestibility of forag-
es at different growth stages. Journal 
of the Scientific Society of Finland 47: 
480–490.
Satter, L. D. and Slyter, L. L. 1974. Effect 
of ammonia concentration on rumen 
microbial protein production in vitro. 
British Journal of Nutrition 32:199–208. 
Sihto,  U.  and  Rinne,  M.  2008.  Nurmen 
kasvumallin kehitys kainuulaisella ai-
neistolla. In: Maataloustieteen Päivät 
2008 [electronic publication]. Suomen 
Maataloustieteellisen Seuran tiedotteita 
no 23. Ed. Anneli Hopponen. Published 
January, 9, 2008. Available in the Inter-
net: http://www.smts.fi /mpol2008 /in-
dex_tiedostot/ Posterit/ps022.pdf. Cited 
November 15, 2009. (in Finnish).
Smith, L. W., Goering, H. K. and Gordon, C. 
H. 1972. Relationships of forage compo-
sitions with rates of cell wall digestion 
and indigestibility of cell walls. Journal 
of Dairy Science 55: 1140–1147.
Søegaard, K. and Weisbjerg, M.R. 2007. 
Herbage quality and competiveness of 
grassland legumes in mixed swards. 
Grassland Science in Europe 12: 166-
169.
Speijers, M. H. M., Fraser, M. D., Theobald, 
V. J. and Haresign, W. 2005. Effects of 
ensiled forage legumes on performance 
of store finishing lambs. Animal Feed 
Science and Technology 120: 203–216. 
Statistics Finland 2010. Statistics on the 
finances of agricultural and forestry 
enterprises. Available in the internet: 
http:// tilastokeskus.fi/til/mmtal/index_
en.html. Updated March 25, 2010. Cited 
April 7, 2010. 
Steinhamn, H. and Thuen, E. 2008. White or 
red clover-grass silage in organic dairy 
milk production: Grassland productivity 
and milk production responses with dif-
ferent levels of concentrate. Livestock 
Science 119: 202–215.
Steen, R. W. J. and Gordon, F. J. 1980. The 
effect of type of silage and level of con-
centrate supplementation offered dur-
ing early lactation on total lactation per-
formance of January/February calving 
cows. Animal Production 30: 341–354. 
Sullivan, M. L. and Hatfield, R. D. 2006. 
Polyphenol oxidase and o-diphenols 
inhibit postharvest proteolysis in red 
clover and alfalfa. Crop Science 46: 
662–670.
Syrjälä, L., Suvitie, M. and Seppälä, J. 1978. 
Timoteinurmen sato, koostumus ja sula-
vuus kasvukauden eri aikoina. Kehittyvä 
Maatalous 39: 27–35. (in Finnish).
Syrjälä, L. and Ojala, R. 1978. Kevät- ja 
syyssadosta eri kehitysasteilla valmiste-
tun timoteisäilörehun ravintoarvo. Kehit-
tyvä Maatalous 39: 36–49. (in Finnish).
Tike 2010. Information Centre of the Minis-
try of Agriculture and Forestry. Yield of 
the main crops 2009. Updated January 
28, 2010. Cited March 29, 2010. Avail-
able in the Internet http://www. maata-
loustilastot.fi
Thomas, C., Aston, K. and Daley, S. R. 
1985. Milk production from silage. 3. A 
comparison of red clover with grass si-
lage. Animal Production 41: 23–31.
Thorvaldsson,  G.  1987.  The  effects  of 
weather on nutritional value of timothy 
in Northern Sweden. Acta Agriculturae 
Scandinavica 37: 305–319.
Tuori M., Kaustell, K., Syrjälä-Qvist, L. and 
Kajaste, S. Digestibility of silage from 
meadow fescue and tall fescue grass 
harvested at different growth stages. In: 
Proceedings of the 14th General Meet-
ing of the European Grassland Fed-
eration. Lahti, Finland, June 8-11, 1992. 
European Grassland Federation, Lahti, 
Finland. p. 252-255.
Tuori, M., Syrjälä-Qvist L. and Jansson, S. 
2002. Red clover and meadow fescue 
silages fed in different proportions in 
milk production. In L. Gechie, and C. 
Thomas (ed) Proceedings of XIIIth In-  MTT SCIENCE 11   49
ternational Silage Conference, Auch-
incruive, Scotland. Scottish Agricultural 
College,  Auchincruive,  Scotland.  p. 
130–131.
Tuori, M., Villikka, U. Huuskonen, A. and 
Syrjälä-Qvist, L. 2000. Puna-apila- ja 
vuohenhernesäilörehut puhtaana sekä 
nurmisäilörehun kanssa seoksena lyp-
sylehmien ruokinnassa. Maataloustie-
teen päivät 2000, Kotieläintiede. Maa-
seutukeskusten Liiton julkaisuja 952. p. 
134–140. (in Finnish).
Van Soest, P. J. 1994. Nutritional Ecology of 
the Ruminant. 2nd ed. Comstock Pub-
lishing Associates, Cornell University 
Press, Ithaca, NY. 476 p.
Van Soest, P. J., Mertens, D. R. and Dei-
num, B. 1978. Preharvest factors in-
fluencing quality of conserved forage. 
Journal of Animal Science 47, 712–720.
Van Soest, P. J., Van Amburgh, M. E., Rob-
ertson, J. B. and Knaus, W. F. 2005. 
Validation of the 2.4 times lignin factor 
for ultimate extent of NDF digestion, 
and curve peeling rate of fermenta-
tion curves into pools. In: Proceedings 
Cornell Nutrition Conference for Feed 
Manufacturers. 24–26 Oct 2005. East 
Syracuse, NY. p. 139–149.
Vanhatalo, A., Gäddnäs, T. and Heikkilä, 
T. 2006. Microbial protein synthesis, 
digestion and lactation responses of 
cows to grass or grass-red clover si-
lage diet supplemented with barley or 
oats. Agricultural and Food Science 15: 
252–267.
Vanhatalo, A., Pursiainen, P., Kuoppala, K., 
Rinne, M. and Tuori, M. 2008. Effects of 
harvest time of red clover silage on milk 
production and composition. Biodiver-
sity and Animal Feed. Future Challenges 
for Grassland Production. In Proc. 22nd 
General Meeting of European Grass-
land Federation, Uppsala, Sweden. A. 
Hopkins, T. Gustafsson, J. Bertilsson, 
G. Dalin, N. Nilsdotter-Linde, and E. 
Spörndly (ed.) Swedish University of 
Agricultural Sciences (SLU), Uppsala. 
p. 391–393.
Vanhatalo, A., Pursiainen, P., Tuori, M., 
Rinne, M. and Jaakkola, S. 2009. Met-
abolic and production responses of 
dairy cows to two levels of rapeseed 
and soya-bean expeller supplementa-
tion on red clover silage based diet. In: 
Ruminant physiology. Digestion, me-
tabolism, and effects of nutrition on re-
production and welfare. Ed. Chilliard, Y., 
Glasser, F., Faulconnier, Y., Bocquier, F., 
Veissier, I, and Doreau, M. Proceedings 
of the XIth International Symposium on 
Ruminant Physiology. Wageningen Aca-
demic Publishers, The Netherlands. p. 
684–685.
Weisbjerg, M. R. and Søegaard, K. 2008. 
Feeding value of legumes and grasses 
at different harvest times. Biodiversity 
and Animal Feed. Future Challenges 
for Grassland Production. In Proc. 22nd 
General Meeting of European Grass-
land Federation, Uppsala, Sweden. A. 
Hopkins, T. Gustafsson, J. Bertilsson, 
G. Dalin, N. Nilsdotter-Linde, and E. 
Sporndly (ed.) Swedish University of 
Agricultural Sciences (SLU), Uppsala. 
p. 513–515.
Wilson, J. R. and Kennedy, P. M. 1996. Plant 
and animal constraints to voluntary feed 
intake associated with fibre character-
istics and particle breakdown and pas-
sage in ruminants. Australian Journal of 
Agricultural Research 47: 199–225.
Wilson, J. R., Deinum, B. and Engels, F. M. 
1991. Temperature effects on anatomy 
and digestibility of leaf and stem of 
tropical and temperate forage species. 
Netherland Journal of Agricultural Re-
search, 39: 31–48.
Wright, D. A., Gordon, F. J., Steen, R. W. 
J. and Patterson, D. C. 2000. Factors 
influencing the response in intake of si-
lage and animal performance after wilt-
ing of grass before ensiling: a review. 
Grass and Forage Science 55:1–13.
Åman, P. and Lindgren, E. 1983. Chemical 
composition and in vitro degradability of 
individual chemical constituents of six 
Swedish grasses harvested at different 
stages of maturity. Swedish Journal of 
Agricultural Research 13: 221–227.MTT is publishing its research findings in two series of publications:
MTT Science and MTT Growth.
The MTT Science series includes scientific presentations and abstracts from 
conferences arranged by MTT Agrifood Research Finland.
Doctoral dissertations by MTT research scientists
will also be published in this series.
The topics range from agricultural and food research
to environmental research in the field of agriculture. 
MTT, FI-31600 Jokioinen, Finland.
Tel. +358 3 41881, email julkaisut@mtt.fi
11
Influence of harvesting strategy on 
nutrient supply and production of 
dairy cows consuming diets based 
on grass and red clover silage
 
Doctoral Dissertation
Kaisa Kuoppala
MTT CREATES VITALITY THROUGH SCIENCE
www.mtt.fi/julkaisut